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pure fused silica 
LABORATORY WARE 


@ Highly resistant to thermal shock. @ Completely inert to all acids except hydrofluoric. 
@ Standard equipment for ashing determinations. @ For repeated use up to 1050°C. 


Leaflets available on request. 


We also manufacture an extensive range of Vitreosil Industrial Ware. 
*Regd. Trade Mark. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND Telephone : Wallsend 62-3242/3 
LONDON : 9 BERKELEY STREET, W.1 Telephone: Hyde Park 1711/2 
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HIGH VACUUM COATING UNIT; 
MODEL 12E7 


FOR MULTI-LAYER 
COATINGS ON SMALL 
COMPONENTS OR 

MEDIUM-SIZED AREAS 


DEPOSITION OF 
METAL OXIDES BY 
REACTIVE SPUTTERING 


PLANT FEATURES 


Sputters and/or evapor- 
ates two's metals in 
sequence, or combination 
of sputtering and evapora- 
tron 


Deposition can be carried 
out from above or below 
the workholder. 


FABRY-PEROT 
INTERFERENCE 


# A simple photometer ts 

fitted to provide indica- 
tion of the changing 
characteristics of the film 
during deposition, giving 
precise optical control of 
film thickness. 


Split sector cathodes* per- 
mit use of a.c. supply for 
conventional and reactive 
sputtering. 


Please inquire for details 
of the high output 
counterpart of the Model 
12E7 with a 19 in. 
diameter chamber and 
modulated beam photo- 
meter. 


*Brit. Pat. Nos. 830391, 830392 
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Thermo-Hygrograph 
Records automatically for instant 
reading, both temperatures and humid- 
ity. Used in industry where the 
control of these factors is vital to manu- 
facturing processes. 


Portable Anemometer (right 


Incorporating synthetic sapphire jewel bear- 
ings having a very low friction torque. 

In spite of its high sensitivity it has the large 
range of 25 $,000 feet per minute. 
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Wherever temperature, humidity or atmospheric 
pressure has to be recorded, Casella can provide 
instruments that will give you the most reliable 
readings. Whether they are well tried standard 
patterns or specially designed instruments for highly 
specialised requirements all embody the high stan- 
dards of workmanship and finish that have been the 
Casella manufacturing policy for over 150 years. 
The new Casella catalogue of meteorological instruments 
is now ready. Send for your copy. 


There is a wide choice in the range of 


Meteorological and industrial instruments 


C. F. CASELLA & CO. LTD. (Dept. N), Regent House, Fitzroy Square, London, W.!_ Tel.: Euston 3944 


Members of the Scientific Instrument Manufacturers’ Association of Great Britain and the British Scientific Instrument Research Association 


The 1" Easiclean Pump with variable Flow 


Use this simple robust 
stainless steel pump for accurate 
metering and blending. 
Capacity range 0-€0 g.p.h. 
Pressure range 0-75 p.s.i. 
Equally ideal for 

thin liquids and 


semi-solids. 


Plenty fixed and variable capacity 
pumps are made up to 800 tons 
per hour and 800 p.s.i. 


LENT 


& SON Ltd. 


N. 


Eagle Iron Works, Newbury, Berks., England 


Telephone: Newbury 2363 (5 lines) Telegrams: Plenty, Newbury, Telex 
Telex: 84110 
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“Szent-Gyorgyi & Blum” 


KSB CONTINUOUS FLOW SYSTEM 


The Servart KSB collects precipitate in 8, 4, or 2 
standard 50 ml stainless steel tubes, clarifies liquids 
and processes gallon quantities of material in one con- 
tinuing operation. This System provides the most di- 
rect method available for harvesting small amounts of 
sediment from large volumes of sample. Because col- 
lection occurs directly in rotor tubes, the KSB is faster, 
cleaner and more convenient to work with than other 


systems. The Servauy “Szent-Gyorgvi & Blum” is sim- 
ple to set up and operate, and may be used with the 
ServaLt RC-2 and RC-1 Refrigerated Centrifuges, and 
the SS-1, SS-1A, SS-3 and SS-4 Superspeed Centrifuges. 
Force: Up to 37,000 x G; Tube Sediment Capacity: 250 
ml to 300 ml; Flow Rates: In excess of 500 ml per 
minute depending upon material being processed. 
Write for Bulletin NA-2KSB 


Sorwall. Ine. Norwalk, Conn. 


SERVALL CENTRIFUGES SERVE YOU BEST 


U.K. Distributor: V. A. HOWE & CO. LTD., 
46 Pembridge Road, London, W.|!. 


For distributors in countries other than U.K., write Norwalk, Connecticut. 
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MODEL 700 BIG SCALE 
MAINS OPERATED pH METER 
with an accuracy better 
than .05 pH 


INDUSTRIAL pH EQUIPMENT ALSO AVAILABLE 


ANALYTICAL MEASUREMENTS LTD 


Dome Buildings, The Quadrant, Richmond, Surrey 
Telephone : RiChmond 3392 


SENTICHART 


Write or phone for details to TECHNE (CAMBRIDGE) LTD 
DUXFORD CAMBRIDGE ENGLAND ‘fer: Sawston 2246 


The wide choice of Schott Optical glasses 
has been enlarged by a further 26 types— 
the results of constant research and more 
exacting demands. In addition a selection 
of radiation stabilised types is also 
available. Details supplied on request 


Coloured Filter Glasses 


in optical quality for the manufacture 
of precision filters having precise trans- 
mission characteristics. Detailed infor- 
mation in a new Catalogue is now 
available. 


Interference Filters 


of particularly high selectivity (maximum 
suppression of the spectral background) 
in the spectral range 300 my to 2,000 m 
Extensive stocks are held so that a wide 
choice of wave length is available 


Surface Coatings on Glasses 


Anti-reflection and semi-transparent 
mirror coatings on flat surfaces. Heat 
transmitting mirrors (cold mirrors) 
infra-red reflecting and tinted coatings 
A special process permits the coating of 
large surfaces. 


Radiation Shielding Glasses 
for Nuclear Engineering 
available in densities from 2.5 to 6.2 ; 
of high quality and in best possible 
freedom from colour Among these 
are severa! cerium stabilised types. 
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| JENA®® GLASWERK SCHOTT & GEN., MAINZ 
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*PUROX' 


* Purox is the name of a new range of high purity 
Alumina, Magnesia, Thoria and Zirconia refractories. 


These refractories contain no glassy bond. The Alumina 


RECRYSTALLISED ALUMINA 
STABILISED ZIRCONIA 97°, 

PURE MAGNESIA 98°, 
IMPERVIOUS THORIA 99-9", 
THORIA 99:9°%, 


and Thoria can be completely impervious. They are 
hard, strong, and have extremely high softening points. 
New techniques developed at Neston allow of the 
manufacture of complex shapes to close tolerances, 
and of single parts of considerable size. These materials 


* Registered Trade Mark open up entirely new possibilities in many fields. 


MORGAN REFRACTORIES LIMITED, 


MORGAN 


TEL: NESTON 1406 


NE IS7A 


af 
NESTON, 
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A-60 the new NMR 


A catalog and complete 

specifications are available 

Write today to Varian AG 
7, Zu 


The achievement: reproducible 60 MC high resolution proton spectra that 
anyone can run 


Reproducible NMR spectra have never before been attainable on a rou- 
tine basis. Now, interpretation, cataloging, discussion and exchange of 
NMR spectral data will be greatly accelerated. 

60 megacycle NMR is the highest performance standard available. The 
A-60 achieves 1-part-in-10° resolution, yielding needed detail for research 
or analysis. 

Quantitative analysis is provided by an electronic integrator which is a 
built-in part of the A-60 NMR Spectrometer. 

Routine running of spectra by quickly trained non-professional employees 
is made practical by the reproducible spectra, which permits the use 

of precalibrated charts, by the simple, direct controls, and by the great 
reduction in required operator judgments. 

By observing only proton signals (hydrogen), the A-60 serves the great 
majority of NMR work while achieving sizeable operating advantages and 
instrument simplifications. 

Very small space requirements and non-critical environmental needs of 
the Varian A-60 mean that it can be readily installed in any laboratory. 
Price of complete system § 23.750.— f.0.b. Palo Alto, California. 


/ \\ VARIAN AG 


Zug Switzerland 
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SPRAY DRYERS 
—backed by 25 years’ 


experience 


For production of animal, Sole Agents 


vegetable and chemical for the British Isles: 


products of all kinds. CORNWELL PRODUCTS LTD. 
350 industrial and 220 56-60 Hallam Street, 
laboratory N.A. Spray LONDON, W.1 


Dryers are in operation 


Tel. LAN 5025-6-7 
throughout the world 


NIRO ATOMIZER LID 

—NEW 

\<oxstonee Wires LIFE HISTORY OF HONEY BEE 


best results in all high tempera- 
ture applications 


Nickel-Chrome-Iron — _ lower 
priced but excellent for use at 
slightly lo: temperatures 


Copper Nickel —low tempera- 
ture coefficient alloy for use at 
low temperatures. 


High and uniform temperature 
coefficient alloy 


Ouecen cells alone bottom of comb 
From Life Histery of Honey Be 

: by C. G. Butler, M.A., Ph_D 

The best available material for 


super precision resistors. High- 
est. specific resistance and Subjects now available include Marine Biology, 


lowest temperature coefficient. British Wild Flowers, Life Histories of Cabbage 
White, Poplar Hawk, Blowfly, Hive Bee, Pine, 
Dodder, etc. 


in s and stainless steel ead Office & Works FLATTERS be GARNETT LTD. t 


ad SEAMILL, MUSSELBURGH, SCOTLAND 
wire, R ite fora “te ri Telephone: Musselburgh 2369 309 Oxford Road, Manchester 13 
our esistance and- 
book. London Office: 47 WHITEHALL, S.W.| Part of our extensive service to Biologists 


Telephone: WHitehal! 6058 
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plant 
breeding 
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Life in both the plant and animal 
kingdoms is normally a chancy business, 
with such an element of disorder in its 
management as to obscure the 
orderliness that lies within. Primitive 

folk acknowledged its caprice, and 
attempted—by a variety of occult means 
—to turn it to their favour. At the 

same time they sensed, in a primitive 
way, its potential for orderliness 

and sought to gain some contro! of it. 
So, for example, they selected seed from 
what seemed the best of the wild types of 
crops, and improved their resources of 
food in this mildly systematic way. 

It was not until late in the 19th Century 
that more systematic improvement of crops 
was obtained with the introduction of 
cross-pollination of selected parents; and 
even then it was practised more as an art 
than a science, for nothing was known 

of the hereditary principles involved. 
Mendel gained the first insight of 
inheritance and segregation of characters 
by his studies of the garden pea, but it 
was the work of Bateson at the 

John Innes Horticultural Institution— 
following on Mendel's work—that 
triggered the transition of plant 

breeding from an art to a science, and 
made planned breeding possible. 

We in Unilever Research are applying his 
techniques to a wide and varied 
programme of piant breeding. In an age 
of increasingly sophisticated living the 
demands of our associated food 
companies for vegetable crops of the 
highest quality are growing. But quality 
cannot be considered apart from 

those agronomic factors which make for 
good cultivation, i.e. disease resistance, 
good plant habit, yield, etc. So, at 
Colworth House, Kovachich and Rowlands 
are engaged in research into the 
breeding of vegetable crops to produce 
types of the right overall quality for an 
expanding food industry. 


UNILEVER RESEARCH 
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Skate on the thinnest ice: step on the conductor rail: cross 
Piccadilly Circus from Northwest to Southeast : but remember that 
ASSOCIATED LEAD are the most reliable and economical suppliers 
of LEAD, TIN, ANTIMONY AND THEIR ALLOYS; 99.999% PURE LEAD, 
TIN AND ANTIMONY; SOLDERS, INCLUDING SOLID AND GORED 
SOLDER WIRE; ANTIFRICTION MATERIALS; ANTIMONIAL LEAD; CABLE 
ALLOYS; LEAD SHEET AND PIPE; DENSE LEAD SHIELDING FOR NUC- 
LEAR WORK. The dangers involved in forgetting this simple fact 
are too numerous to name: but, to put it shortly, it is a matter 
of profit and loss. 


This announcement is issued for and on behalf of 


ASSOCIATED LEAD MANUFACTURERS LIMITED 


CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, £.C.2. CRESCENT HOUSE, NEWCASTLE, LEAD WORKS LANE, CHESTER. 
Export enquiries to: Associated Lead Manufacturers Erport Co. Ltd., Clements House. 14 Gresham Street, London, E.C.2. 
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UNICAM 


SP. 500 
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mains 


operation 


with 


the 115D 


SPECTROPHOTOMETER 


For Ultraviolet and Visible analysis of compounds the SP.500 Spectrophoto- 
meter is accepted as standard equipment. One essential which contributes 
to the highly accurate data provided by the SP.s500 is a stable supply 
(usually a lead acid storage battery) for the operation of the detector-amplifier 
system and of the Tungsten Lamp. For those users who prefer a mains 
supply, Labgear Ltd. have now developed the 115D Spectrophotometer 
Power Supply pictured below. Thorough testing indicates that in all but 
exceptionally adverse conditions this accessory provides the necessary degree 
of stabilisation. 


STABILISED POWER SUPPLY 


The unit employs a conventional series stabilizer system, a compensating double zener 
reference being used to provide a high degree of stabilisation. Particular care has been taken 
in the design to minimise the temperature rise of the sampling and control components due to 
the heat dissipation in the series regulators. The use of the latest type power transistors 
together with cast alloy heat sinks permit the unit to operate in high ambient temperatures 
under adverse mains input conditions. First quality components are employed throughout 
making the unit suitable for pan-climatic use. 


UNICAM INSTRUMENTS LTD - ARBURY WORKS CAMBRIDGE 
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microbiological reagents and media 
THE ONLY COMPLETE LINE 


DETECTION or THE SALMONELLA-SHIGELLA crour 


Bacto-SS Agar 


is a selective medium especially designed for use in isolation of 
fastidious Shigella and Salmonella strains. The selective action of 
this medium restrains to a large extent the development of coliform 
bacteria with minimum restriction of fastidious strains of the 
pathogens. Because of the inhibitive action of the medium of 
coliform bacteria, it is possible to inoculate the medium heavily 
with faeces thereby greatly increasing the chance of positive isola- 
tions from samples containing very few pathogens. 


Bacto-Bismuth Sulphite Agar 
is a highly selective medium for isolation of Salmonella typhosa. 
The unusual selective properties of this medium permit the use of 
large inocula of faeces and other suspected material without over- 
growth of extrancous intestinal bacteria 


Bacto-MacConkey Agar 


is an excellent differential medium for use in conjunction with 
Bacto-SS Agar and Bacto-Bismuth Sulphite Agar. This medium 
supports rapid and luxuriant growth of even the most fastidious 


BAIRD & TATLOCK (LONDON) 


strains of the typhoid-dysentery group. 

Although MacConkey Agar does not inhibit coliform bacteria it 
does afford excellent differentiation of colonies of pathogens from 
those of the lactose fermenting bacilli. 


Bacto-Tetrathionate Broth Base 
Bacto-Selenite Broth 


enrichment media for isolation of intestinal pathogens. These are 
excellent aids in the detection of carriers and examination of other 
materials for members of the Sa/monella-Shigella group. 


Please send for the latest technical information. 


complete 
laboratory 
service 


LIMITED, CHADWELL HEATH, ESSEX, ENGLAND. 


Branches in London, Manchester and Glasgow. 


TAS/DO.12 


Ultra-Violet « Infra-Red Sampling Instruments 


ULTRA-VIOLET ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FIXED path-length cells for liquids 


KBR EVACUABLE DIE 
for making 13, 15 and 16 mm. Discs 


INFRA-RED ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FIXED path-length demountable and 
sealed cells for liquids 

MICROCELLS for liquids 

Gas cells in pyrex and metal 


HYDRAULIC 30-TON PRESS 
especially designed for KBr Disc 
Technique 


Rotating Electrode (Solution 
Excitation) Spark Unit 


HIGH-SPEED VIBRATION MILL 
indispensable for KBr 

Disc Technique 

available for 230 volt 50-cycle 
and 110-volt 60-cycle mains 


ROCK-SALT POLISHING KIT 


RIIC Sampling Instruments are marketed by the leading spectrometer 


manufacturers of the world. 


Descriptive literature on application. 


RESEARCH & INDUSTRIAL INSTRUMENTS CO. 
116 Lordship Lane, London, S.E.22 Telephone: Forest Hill 2281/2 
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SCIENTIFIC AND TECHNICAL RESOURCES OF BRITISH RAILWAYS 


K pee debate on British Railways in the House of 


Commons on October 26, which was opened by 
the Minister of Transport, Mr. E. Marples, and that 
n the House of Lords on problems of transportation 
on December 7, were both prompted essentially by 
the annual report and accounts of the British Trans- 
port Commission for the year ended December 1, 
1959, and by the report from the Select Committee 
on Nationalized Industries dealing with British Rail- 
ways*. The latter report is of considerable scientific 
nterest, particularly those sections dealing with 
technical resources, design and research and with 
It includes a memor- 


Commission on 


mnan-power and productivity. 
the British Transport 
research and other memoranda on man-power, pro- 
luctivity and training and on qualified scientists 
and engineers—memoranda which are of greater 
interest in view of the observations on research and 
development in the chapters which Prof. W. A. 
Robson devotes to those subjects in his recent book 
on Nationalized Industry and Public Ownership. 
Some of the realism was taken out of both debates 


andum by 


by Mr. Marples’s announcement at the start that the 
Government was also considering the recommenda- 
tions of a Special Advisory Group under Sir Ivan 
Stedeford, which is supplementing the work of the 
Select Committee, and that it intended to place its 
proposals before the House as soon as possible in the 
form of a comprehensive paper. Nevertheless, this 
can scarcely explain the absence of reference to these 
vital aspects of the railway services in both debates. 
The Minister for Science made no reference to research 
or to scientific or technical staff in replying on the 
debate on December 7, although he agreed to the need 
for an efficient and modernized railway system as far 
ahead as could be seen. Only by Mr. Austen Albu 
was any real emphasis placed on these factors or 
indeed any reference made. 

Mr. Albu, himself a member of the Select Com- 

that industry 
throughout its 


mittee, asserted modern needs a 


scientific spirit whole organization 
and not only among its technical staff; he suggested 
the appointment as general managers on the Railways 
of one or two engineers with a modern university 
background. Meanwhile, he thought the Transport 
Commission should consider how to achieve greater 
between the 


He pointed out that the railway 


co-ordination various branches of its 
engineering staff. 
systems of the world, including the British railway 
system, have never done much research, and that. the 
Transport Commission is only now beginning to build 
up a proper research staff. Although the industry is 
undergoing rapid technological change, only 0-3 per 

* Report from the Select Committee on Nationalized Industries, 
together with the Proceedings of the Committee, Minutes of Evidence 
and Appendices—British Railways. Pp. evi+505. (London: H.M. 
Stationery Office, 1960.) 22%. 6d. net. 


cent of its employees are qualified scientists or 
engineers ; 1956 and 1959 the number of 


professionally qualified engineers decreased from 598 


between 


to 484. In 1959 only 277 qualified electrical engineers 
were employed, and 512 graduate scientists and 
engineers. Witnesses before the Select Committee 
showed no awareness at all of the level of professional 
staff required to deal with the revolutionary changes 
in progress. 

Mr. Albu’s alarm at this position, his concern at 
the relatively low level of salaries offered to engineers 
by the Transport Commission, and his assertion that 
the Commission has not begun to understand the 
revolution in education in Britain since the end of the 
War, was endorsed by Sir Toby Low, chairman of 
the Select but his points were not 
developed further in the debate, which was con- 
corned excessively with political issues, nor were they 
considered by Mr. John Hay, Joint Parliamentary 
Secretary to the Ministry of Transport, in replying 
Prof. Robson devoted some attention 


Committee ; 


on the debate. 
to research in nationalized industry generally in his 
book, but was concerned chiefly with the organization 
of research both within such industries and within 
the Government; and while agreeing to the need 
for research in these industries, he gave no indication 
that he had modified the opinion expressed earlier in 
Problems of Nationalized Industry, that Britain should 
not rely excessively on these industries to conduct 
more fundamental scientifie research. 

Since that opinion was expressed in 1952, the 
Herbert Committee has reported adversely on the 
extent to which the electricity supply industry leans 
on research efforts by outside organizations and its 
failure to devote sufficient resources to the planning 
of the future. The surveys of scientific and engin- 
eering man-power in Great Britain made for the 
Advisory Council .on Scientific Policy by its Com- 
mittee on Scientific Man-power have shown how 
poorly the research effort of the nationalized indus- 
tries, in terms of man-power, apart from the Atomic 
Energy Authority, compares with that of industry in 
general ; and in its last annual report the Advisory 
Council on Scientific Policy estimated expenditure on 
research and development in the United Kingdom 
by the public corporations at £6-9 million in a total 
of £477-8 million. The British Transport Commission 
in 1956 and in 1959 employed a smaller percentage of 
scientists and engineers in proportion to the total 
number of workers employed in the industry than 
inany other nationalized industry (0-25 in 1959 com- 
pared with 0-9 in the Airways Corporations and 0-8 
in the National Coal Board). 

These circumstances alone give special interest to 
the Select Committee's examination of the adequacy 


of the research organization and programme of 
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British Railways. The memorandum submitted to 
the Committee by the Commission emphasizes that 
the Commission regards its primary function as the 
provision of a transport service, and, as its suppliers 
undertake research and development, it has relied to 
a large extent on these suppliers for research, although 
it appreciates that in certain fields it must conduct 
As examples, the memorandum 
quotes the 
vehicle and track, stresses in rails, corrosion, main- 


its own research. 
problems concerning 
tenance troubles, the interaction between equipment 
supplied by different manufacturers and _field-trials 
The total annual cost of 
identifiable the 
Commission is estimated at £2 million, of which some 


£700,000 is for research, 90 per cent being for the 


on all types of transport. 


research and development within 


Railways, according to Sir Brian Robertson. Much of 
this, however, is for day-to-day advice and routine 
investigations. The research organization has been 
built up on lines recommended by a committee of 
scientists in November 1948. It provides for a tech- 
nical committee and a research advisory council; a 
chief of research, assisted by a research co-ordination 
committee and with a small research department at 
headquarters ; separate research departments for 
British Railways and Docks and Waterways, and for 
London Transport ; and for electric traction research 
and operational research. The 
phasizes the contact maintained with the Department 
of Scientific Research and 


Government departments, with the National Research 


memorandum em- 


and Industrial other 
Development Corporation, its membership of some 


thirty research associations and its contribution to 
the Office for Research and Experiments set up by 
the International Union of Railways to undertake 
co-operative research on common and technical 
problems and to pool the means of technical re 
search. 

In examination before the Committee. Sir Brian 
Robertson agreed that far too little was being spent 
attention to 
when the 


building a small 


on research, but he directed adverse 


eriticism which had been inmeurred Com- 


mission extended its facilities by 
laboratory at Muswell Hill for servicing the Southern 
svstems all over the world need 


Region. Railway 


laboratories and facilities for research, and it is 
obvious from Sir Brian's remarks that an increase in 
public understanding is essential if research activities 


He referred 


particularly to the problems arising in the contact of 


are to be extended and strengthened. 


rail and wheel as requiring fundamental research, 


but claimed that the Commission has itself stimulated 
British 
fundamental 


some fundamental research by its suppliers 


Railways is at present engaged in 


measurements of currents generated at various parts 


of the electrification system, currents generated in 
cables alongside and mechanical measurements of the 
movements of vehicles in service on its new 25-kV. 
system. The new laboratory projected at Derby, 


where the expanded research depart ment is to be 
located, would increase the annual expenditure on 
£130,000 to £150,000: the 


about and 


research by 
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memorandum submitted to the Select Committee 
points out that the scientific background to the 
dynamic problems involved in the introduction of 
long welded rail is still very obscure and difficult, 
and a long-term research project dealing with this is 
being assisted by one of the universities. There is 
also a special panel concerned with permanent-way 
problems which constitute the more important 
research projects. 

Little emerged in the evidence before the Select 
Committee to indicate the magnitude of any deficieney 
in the research effort of British Railways; but al- 
though the Transport that 


expenditure on research is too low and is building up 


Commission admits 
its resources, every plea for increased expenditure on 
research comes both of th 
Government and of the Press, and, like most expen- 
diture on research, is difficult to justify on purely 
economic grounds. The Select Committee accepted the 


under critical serutiny 


contention that a comparison with sums spent by 
other industries is not valid because railways are not a 
it is & question rather of seeing 
Nor does 


production industry 
what needs to be done and then doing it. 
the report offer any real criticism of the organization 
for research. The Research Advisory Council appears 
to be accepted, and the arrangements for co-ordination 
of research regarded as satisfactory. 

It is possible that the relative expenditure on rail- 
way research in Britain is considerably less than m 
the Select 


Railways 


countries, and Committee seems 
that British 


expenditure on 


other 


satisfied would benefit by 


increased research, though it is 
difficult to assess how much more should be spent 

the Transport Commission considers that the addi 
tional expenditure which will follow the completion 
of the new Derby 


expenditure to the limit that its research staff can 


laboratories at will bring research 


handle efficiently. Efficieney in research depends, in 
fact, on an adequate technical staff, and, if full valu 
is to be obtained from increasing investment in 
research, it is essential that British Reilways should 
attract larger numbers of technical staff of the highest 
quality. Sir Brian Robertson seems confident that 
the new laboratories will enable British Railways to 
obtain the kind of but probably the 
most disturbing feature of the Select 


whole report is the position it reveals of inadequat: 


men needed, 


Committee s 


resources in respect of technical staff. 

The memorandum on man-power, productivity and 
training submitted by the Transport Commission 
vives the the 
February 1960 as about 7.700 out of a total staff of 
Although 


rates of wastage have varied between 7 and 8 pei 


number of technical staff at end of 


some 519.000 at the end of December 1959. 


cent per annum, it has been possible during the past 
four years to increase the number of technical statt 
by more than a third; but engineering 
vraduates, of whom only 512 were employed in 1959, 


the wastage may be as high as 15 per cent. A further 


among 


memorandum on qualified engineers and scientists 
puts the total of such staff at 1,641 in 1959 compare | 
with estimated requirements of 2.031, and difficulties 
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are noted im recruiting qualified engineers and 
scientists for some departments. There are at present 


©2 student engineers in training in ‘sandwich courses 
Britain, and 35 young 
the railways are attending courses in engineering at 
half a dozen technical colleges or colleges of tech 


throughout students from 


nology. 
These that the total 
professionally qualified scientists and engineers em- 


figures indicate 
ployed by British Railways at the end of 1959 has 
1956 level of 1,501 after falling to 
1959. 


returned to the 
1,354 earlier in 
only 5:8 per cent has been achieved compared with 
the 30-9 per cent estimated in the Survey of Scientific 
Admittedly. 
the British Transport Commission cannot offer the 


and Engineering Man-power in 1956. 


attractions of an expanding industry, but the relative 
increase in technical staff as a whole compared with 
professionally qualified staff implies some progressive 
lowering of quality at a time then the rapid technical 
changes of modernization alone clearly require the r 
verse. This failure in recruitment may be due to some 
uncertainty as to the permanency of the positions 
which the Commission can offer, in spite of assurances 
given by the Commission itself; it can equally be 
due to the lower salaries offered in the middle range, 
as Mr. Albu emphasized in the House of Commons. 
It is possible to make too much of the wastage of 
engineering graduates. This may not be a serious 
matter from the point of view of the nation generally. 
It is the practice for young engineers in the early 
days of their careers to change jobs frequently to 
but for the railways this 


gain wider 


wastage does not appear to be balanced by 


OXPerience ; 
new 
recruitment of experienced men, and it seems clear 
also that the Commission is doing less than many 
industrial firms to assist recruitment from univer 
sities and technical colleges by providing scholarships 
to such institutions. Even at the technician-level, 
the numbers being recruited or trained are small, and 
this source has not produced the number of pro 
fessionally trained engineers expected. 

There are some differences in the recruitment of 
different classes of engineers, and while the Transport 
Conunission regards the position as reasonably satis 
factory with civil and with electrical engineers, that 
with regard to signal engineers is very different. 
although there is not here the wastage experienced 
in other fields. Difficulties in recruitment have, in 
fact, been great enough to cause the Commission to 
rely to some extent on technicians from abroad, and 
the effects of this particular shortage have been very 
serious and have led to a slowing down of electrifica 
tion schemes in general. The shortage of qualified 
signal engineers is admitted to be a principal factor 
governing the speed of modernization. 

The Select Committee sums up the situation by 
emphasizing that although technical staff has in 
creased rapidly in recent years, in the main it has 
been staff lacking in any formal qualification. Undue 
reliance on recruitment from craft apprentices in the 


workshops and the high level of wastage have been 
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the 
serious enough to lead one to expect the Commission 


particular factors, and although situation is 
to keep a careful eye on the comparatively few first- 
class engineers it employs, this has not been done. 
The Select Committee is not satisfied that the Com- 
mission has treated this matter with the urgency it 
deserves, and expresses surprise that no central 
records are kept of its professionally qualified staff. 

One serious ¢ onsequence of this shortage of qualified 
technical staff has been in the field of design, where 
it has clearly affected the Commission's operations 
during the period of modernization. The costly 
failure in the design of vacuum brakes for mineral 
the 


Committee agrees with the Commission that 


wagons was probably due to this, and while 


Select 
the railways should not seek to recruit sufficient 
technical staff to make them wholly independent of 
the design and research of those privately owned 
firms which manufacture locomotives, rolling stock 
and signal equipment, expert staff is essential to the 
What is wanted and for 


railways for specifying 


choosing between conflicting designs. This is par 


ticularly at time ot technical 
change, and while it seems to the Select Committers 
that the Commission chose the right priorities in its 
plans for modernization, it failed to reeruit the tech 
nical staff which it recognizes as necessary for their 
execution. 

There are other shortcomings of management to 
which the Select Committee directs attention, some 
of which are also of scientific interest. This question 
of scientific and technical staff, however, is probably 
the decisive factor, and it is essential that no political 
or financial controversy should be allowed to push it 
again into the background. The Seleet Committee 
has rendered very great service in this report by 
bringing this issue to the forefront; and although 
the progress of plans for modernization may help to 
some of the which have 
the 


is thought by 


remove misconceptions 


hindered recruitment of qualified young men 


into what some to be a declining 
industry, there is no doubt that scientists and tech- 
nologists in general could do something to combat 
ill-informed or eriticism 
of the the 


diffident about increasing its expenditure on research 


prejudiced particularly 


type which has made Commission so 


in its general 
technical 


As the Select Committee pomts out 


conclusions, the scientific and advances 
which have made Britain famous in other fields have 
not in recent vears borne full fruit in the railways ; 
the British 


railway system could undoubtedly be profitable. The 


for on evidence received, a large scale 
number of improvements in hand, and the number of 
points at which further improvements can be made, 
support this; but this is not solely a matter of 
efficient management and of adequate scientific and 
technical resources—in staff as well as in equipment 
& matter of the 


and in creating and maintaining 


and finance. It is at least in part 
climate of opinion ; 
the climate of opinion which will support the neces- 
sary deployment of resources, scientists and tech 


nologists have an indispensable part to play. 
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RUSSIAN GEOLOGY IN 
TRANSLATION 


The Geology of the U.S.S.R. 

\ Short Outline By D. V. Nalivkin. 
from the Russian by 8S. I. Tomkeieff. 
Editor: J. E. Richey. (International 
Monographs on Earth Sciences, Vol. 8.) 
17041 (London and New York: 
Press, 100s 


Translated 
‘Translation 
Series of 
Pp. xu 

map Pergamon 
1960.) 


N recent years new geological maps of the Soviet 


Union have been published on the  seales 
1: 5,000,000 (9) sheets 1955). 1: 2,500,000 (19 
sheets: 1956). 1:7.500.000 (2 sheets: 1958), and 


1: 10,000,000 (L sheet : 1960). For the first of these 
the Russian authorities have provided a legend in 
Inglish. All are magnificent examples of geological 
curtography, with first-class colouring. The Russian 
edition of Academician Nalivkin’s Brief Sketch of 
the Geology of the USSR. appeared in 1957, as a 
paper back of some 50.000 words written in explana 
tion of the 1: 5,000,000 sheets. In 1959, an excellent 
German translation by Dr. E. Schroeder 
available (Fortschritte dev sowjetischen Geologie, 
3 Akademie Verlag. Berlin), but 
this was accompanied only by mediocre 
black-and-white. The English translation by 
S. 1. Tomkeieff is together with the 
1: 7.500.000 sheets, specially colour printed in Mos 
cow for this edition, with place-names in Roman type. 
It is the first English text on the geology of Russia 
to be published in book form since the days of 
Murchison 

The work is, of 
implies—a short outline. 
divisions of the Soviet Union information is given on 
topography, stratigraphy, tectonics, magmatism and 
and the range of the book is thus 


hecame 
Hett 
unfortunately 
maps. in 
Prot 


issued two 


course, no than the title 
For each of ten structural 


more 


economic geology, 
O vast that the coverage is necessarily thin, seldom 
with more than a few words on any 
feature. But the observations often suftice to whet 
the interest, encouraging the specialist 
search for details. The translation is 
literal, and for the most part it is lucidly written, the 
few obscurities being due to misplaced punctuation 
and inadequate proof-reading. As an appendix, a 
“Table of Geological Formations in the U.S.S.R- 
has been added. A special interest resides in the very 
fine map produced for the British publisher by the 
U.S.S.R. Ministry of Geology, in an edition of 5,000 
copies The price of the equivalent Cyrillic map 
15,000 copies) was, however, only 104 roubles, and 
it is unfortunate that the British publication (text 
with map) should cost tive times the Russian original 
wut three times the East German translation 

Che publishers state that “this very important 
volume is the first of its kind to be written in any 
language’ Nevertheless there are other important 
texts on Kussian geology, recent ly produced overseas 
and little known to British readers. Among these 
is a short account (30,000 words) of the Tectonics of 
the USSR. by the late Academician N. 8S. Shatsky 
and Dr. A. A. Bogdanoy, initially published in Russian 
in 1957 as an explanation of a 1: 5,000,000 tectonic 
map (9 1956) Recently this been 
translated into German (Fortschr. dei Geol.. 
Heft 1: 1958), French (Translation No. 1594, Service 
Information 1958), and English 
(International No. 1: American 


one geological 
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new 
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Geological Institute, 1959). It provides a particularly 
readable description of the structural framework of 
the Soviet Union, drawn on broad lines, and is 
complementary to Nalivkin’s summary. 

For detailed information reference can now be made 
tO an extensive Russian work (650,000) words) 
entitled The Geological Structure of the UWSS-.R.., 
written by more than 150 authors under the direction 
of Academician A. P. Markovsky and published 
(1959) in three large volumes. From this text it is 
possible for the first time to obtain a_ balanced 
account of the rock formations of any geological 
age in any region of the U.S.S.R. The first volume 
deals with geomorphology and stratigraphy, the second 
with magmatism and voleanicity, and the third with 
regional and continental tectonics ; and an accom 
panying portfolio contains 1: 7,500,000 geological 
and 1: 15,000,000) geomorphological maps. The 
immense task of preparing a Western translation of 
this highly important monograph has been shouldered 
by M. Pietresson de Saint Aubin and M. J. Roger of 
the Centre National de la Recherche Scientifique in 
Paris, who have already published eight out of a 
total of 20 fascicules in French, at an average cost of 
no more than five to six franes per fascicule. ‘This 
well-produced French work seems likely to remain the 
most comprehensive Western authority for a good 
years 

None of the publications in Russian on the regional 
veology of the U.S.S.R. meets the present need for a 
simple, well-illustrated text-book suitable for use. 
in translation, by Western university students. A 
noteworthy Short Course on the Geology of the USSR. 
by Prof. E. Shlygin (Gosgeoltekhizdat, Moscow 
270 pp., 1960) has just appeared, to form a basis for 
teaching in Russian universities; but this useful 
catalogue of facts is too unleavened for digestion by 
British undergraduates. Other Russian texts are 
similar in character, instructive, but scarcely inspiring. 
Considering the outstanding advances made by Soviet 
and the immense range of geological! 
phenomena demonstrable on Russian soil is 
surprising that educational books on regional geology 
turgid and dull. 


F. 


veologists 


are all somewhat 
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THE CLOUD OF UNKNOWING 
The Gods of Prehistoric Man 


By Prof. Johannes Maringer. Translated from the 


German by Mary Ilford. (The Weidenfeld and 
Nicolson History of Religion.) Pp. xvii+ 219+ 63 


photographs. (London: Weidenfeld and Nicolson, 


1960.) net. 


FEXHIS volume is an English translation of Prot 

Maringer’s Vorgeschichtliche Religion, published 
in 1956. In accordance with Continental practice, 
the term ‘prehistoric’ is used in the absolute sense of 
world-wide pre-literacy, and thus excludes much of 
what is still prehistory in English parlance, even if 
it falls after 2000 B.c. The rendering of the original 
German text is on the whole adequate, though the 
translator is clearly unfamiliar with archeological 
terminology. 

Prof. Maringer’s avowed purpose is “to define the 
religious forms of the individual prehistoric periods, 
to trace the various processes of dey elopment, and to 
arrive at a picture of prehistoric religious manifesta 
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tions as a whole’. This is an exacting task, even 
for those who regard it as an attainable objective ; 
and there are many prehistorians who will not. But 
even if one puts this philosophical objection to one 
side, it must be admitted that the author’s treatment 
of his subject is very uneven in quality. He is 
clearly most at home with the hunting-magie and the 
fertility symbols of the Upper Paleolithic era, of 
which he gives a lucid and succinet account ; but by 
contrast his treatment of later periods is superficial, 
and in places positively archaic. The whole problem 
of the symbolic iconography of the passage-graves 
of Atlantic Europe is seareely discussed at all ; and 
not encouraging to be told that Stonehenge 
consists of three stone circles, and is orientated to 
the sunrise at the mid-winter solstice. 

The principal defect in this book, and indeed of 
the attitude to prehistory which it represents, is a 
failure to admit and to understand the inescapable 
limitations of arehwological evidence. We can 
re-create the past meaningfully, from its surviving 
material remains, only to the extent that the physical 
be translated back 


it is 


results of human behaviour can 
into the states of mind of which they are the expre 
technology and 


relatively 


pre literate 
process of translation 1s 

In the field of social and political 
and for 
the 
and 


sion. In matters of 
economics, this 
easy and reliable 
institutions it becomes mereasingly difficult 
religion it is virtually impossible. Religion, in 
last analysis, the world of 
emotions, and finds its physical expression only in 
But, in the absence of the written or verbal 
the historian and the 
rehably be translated 
because there ts 


belongs to ideas 
ritual. 
explanations available to 
ethnographer, ritual cannot 
back into terms of belief, simply 
no one-to-one correspondence bet ween concept and 
action. 

This difticulty ts tacitly, though never consciously, 
recognized by the author in his frequent citations 
of modern ethnographic parallels for the phenomena 
of prehistory. But analogies of this kind serve only 
to enlarge the field of conjecture. They cannot be 
used to explain the rituals of prehistory, unless it 
is assumed that human behaviour has survived 
unchanged, as a kind of museum specimen, from the 
prehistoric past the If there is one 
thing that archeology can demonstrate, it is) the 
total falsity of this assumption. 
mR. ATKINSON 


mto present. 


AGRICULTURAL AVIATION 


Report of the First International Agricultural 
Aviation Conference 

September 15-18, 1959, Crantield, England. 

(The Hague : Agricultural 

Centre, 160.) 29 


GRICULTURAL aviation is not 
A accepted in Europe as it is in the U.S.A., for 
example, mainly because in Europe the need is 
smaller and some of the difficulties are greater. Many 
contributors to this report come from Europe and are 
accordingly considering the value of work done from 
the air in high-farming areas. 

N. D. Norman in a paper reviewing the economics 
of aeria! contract work on farms, shows that 
are high and that earning power is limited by a short 
working season, by limited periods of flying weather 


Pp. 429 
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and by the working-rate of the aeroplane on its main 
tasks of applying chemicals to crops. He shows how 
difficult to operate such a contract service 
profitably in England. 

More information is reqtured about each of several 
potential ways of raising income above expenditure 
before they can be offered to the industry. It is 
difficult, in this sphere, to predict that a change will 
countries of 


if 1s 


cause an improvement, especially in 
relatively small fields, dense populations and many 
hazards both to flving and of applying chemicals, 
some of which may not contaminate down-wind 
crops 

These and other matters of 
operating techniques, equipment and aircraft, in fact 
almost the whole art of agricultural aviation, are 
touched on im the report, the treatments are 
brief and qualitative. However, 
subjects which form the the industry 
might have been presented with more quantitative 
with the papers 


safety, legislat 


and 
necessarily such 
hasis of 


information than. 


exceptrons, 
contain 

Thus. although the agronomic basis of aerial agri 
culture is surveved by R. C. Amsden, the individual 
papers to support, him prov ide only a little evidenes 
to show how and where an aeroplane is either as 
effective as, or more profitable than, a ground sprayer 
R. A. Powell shows that fertilizer distribution from 
an aeroplane can be as regular as that from 
distributors on the ground. No other paper provides 
critical evidence to demonstrate what advantages an 
Wheel damave. 


Host 


aeroplane has over a ground machine 
onset of disease in the wheel tracks, the value of 
timely application of pesticides and of fertilizers arc 
mentioned, but without such data as would convince 
a farmer 

The dangers of low-level tlying and of applying 
poisonous chemicals are considerable. D. Yeo 
reviews the dynamics of small particles im the air-flow 
near an aeroplane close to the crop and shows that 
although contamination of down-wind crops can be 
seTIOUS, Precautions to prevent it can 
Kk. F. Edson and others show that no harm from toxic 
chemicals has been detected, except when accidents 
brit that the pilot 
care om prevent 


be successful. 


have oceurred, out has 
to take 
completely. 


In a countryside full of obstacles a pilot has to take 


pot 


great order to pollution 


vreat care of himself also. It is therefore questionabl 
whether F. E. Weick’s paper is as relevant for France 
as it may be for Florida. He quotes, without support 
evidence, 60-100) m.p.h. os a suitable flving 
speed. But Latimer Needham’s graphs the 
economics section show that, at this speed, uo per 
cent of flying time is consumed in half-mile long turns 
at the end of the field. Possibly, therefore, a lower 
fiving speed is desirable in more 
quickly, to be safe and also in order to fly close to the 
li Is possible 


mg 


order to work 
vround to avoid pesticide pollution 
also that a monoplane has to give way to a rotary 
wing aircraft as suggested in de Ree’s paper. 

The aircraft used at present are light monoplanes 
and war-surplus biplanes. Sir Miles Thomas point 
out how much better the helicopter is for the work 
However, the helicopters used so far have 
expensive and less reliable than fixed wing aeroplanes 
The Kolibrie helicopter, as described by de Ree, 
seems an improvement in both respects despite its high 
Surprisingly, the autogyro, which 


been 


fuel consumption 
appears to have the merit of a helicopter for this work 
at the price of a light plane, receives no more than a 
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mention along with ducted fans and other unconven- 
tional, vertical take-off aircraft. 

European conditions raay be sufficiently different 
from those in the United States and Australia for 
changes in aircraft, application techniques and 
organization of the work to be necessary, just as 
fertilizer and plant protection programmes differ 
This report mainly poses the questions to which 
answers are needed to help the industry to 
prosper, and it is valuable for this alone. It is well 
produced, but an index would be helpful. 

J. CoursHEeE 


THEORY OF BANACH ALGEBRAS 
General Theory of Banach Algebras 


By Prof. Charles E Rickart (The University 
Series in Higher Mathematics.) Pp. xi +394. (Prince 
ton, N.J.: D. Van Nostrand Company, Ine. ; 


London: D. Van Nostrand Company. Ltd... 1960.) 
708. 
PTHIS book gives a comprehensive and detailed 
| account of the theory of Banach algebras, and 
should be of great value to research workers in this 
field. The subject is a very modern one, the founda 
tions for a general theory being laid by Gelfand in a 
paper published in 1941, but announced in 1939 
(Normierte Ringe, Reeve il Math. (Mat. Shornik), 
N.S., 9, 3; 1941). 

The contents of the book are as follows. Chapter 
1. “Fundamentals”: this includes definitions, the 
regular representations, complexification of a real 
normed algebra, the groups of regular and quasi- 
regular elements, topological divisors of zero, the 
spectrum, and normed division algebras. Chapter 2, 
‘The Radical, Semi-simplicity and the Structure 
: this includes ideals and difference algebras, 
representations, the radical, primitive Banach alge- 
bras, uniqueness of the norm topology and the funda- 
mental isomorphism theorem, structure of semi- 
simple Banach algebras, the structure spaces, com- 
pletely regular algebras and annihilator algebras. 
Chapter 3, “Commutative Banach Algebras”; this 
includes the carrier space and the Gelfand representa- 
tion theorem, algebras of functions, the Silov bound- 
ary, representations of the carrier space, homomorph- 
isms of certain function algebras into a Banach 
algebra, direct-sum decompositions and _ related 
results and completely regular commutative Banach 
algebras. Chapter 4, ‘Algebras with an Involution”’ 
this includes miscellaneous properties of *-algebras, 
commutative *-algebras, self-dual vector spaces and 
*.representations, representations on Hilbert space, 
positive functionals and irreducible *-representations, 
symmetric *-algebras, general properties of B*- 
algebras, structure of ideals and representations of 
B*-algebras, and Banach*-algebras with minimal 
ileals 

There is, finally, a lengthy appendix on examples 
and applications, under three headings : (a) “Algebras 
of Operators’; (+) “Algebras of Functions”; (¢) 
Group Algebras’. Included in (a) are the algebras 
B( and the algebra Fe of compact operators, 
the Schmidt-class 3%, the trace-class Fg, W* and 
AW* algebras, and spectral operators ; under (6) are 
included the algebra C(Q) for certain special 1, 
the 7p-algebras, funetions with absolutely convergent 
contimuous 


Spaces” 


Fourier series, funetions of class Cl), 


URE 


functions of bounded variation, holomorphic functions 
of one variable, holomorphic functions of several 
variables, a non-self-adjoint algebra with Silov 
boundary equal to the carrier space, non-existence 
of the Silov boundary, algebras of set functions on 
the line, some radical algebras, and algebras of 
power series; while (c) includes the algebra L'(@). 
locally compact abelian groups, group algebras of a 
compact group, almost periodic functions on groups, 
and group algebras of operators. 

The book is evidently written for mature mathe 
maticians who already have at least a slight acquaint- 
ance with the subject. Those not so equipped would, 
apart from the difficulty of the text, find the lack of 
simple illustrative examples in the four chapters a 
serious stumbling-block. The appendix would not 
supply this need, as the applications are given in a 
very condensed manner, requiring a high degree of 
maturity from anyone hoping to profit from it. 
However, for professional mathematicians having 
already some knowledge of the subject, the book will 
undoubtedly be of great value. R. G. CooKr 
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DR. ERIC C. S. MEGAW 


A Backroom Boy 
By Arthur Stanley. Pp. vi-}-106. (Belfast: W. 
Erskine Mayne, Ltd., 1960.) 10s. 6d. net. 


FT AHIS little book, written by a father as a memorial 

| to his brilliant son, describes the life of Dr. Eric 
C. S. Megaw, who was director of physical research 
at the Admiralty when he died at the early age of 
forty-eight years. 

As a schoolboy Megaw acquired a sound knowledge 
of the French language, including facility in speaking 
it. Also, an interest in mechanical things led him 
at the age of fourteen to a keen interest in amateur 
radio experiments. This was encouraged by a short 
period in the Signals Section of the Officers’ Training 
Corps, and in 1924 he was reputed to be the first 
amateur to send radio signals from Ireland. In the 
following year he established the first radio contact 
between Ireland and Australia. 

The book outlines in the author's ‘domestic’ style 
Megaw’s scientific career which was described in the 
obituary notices published in Nature (177, 409: 
1956). The factual account is supplemented by 
extracts from his personal letters, which illustrate 
his acute power of observation and close attention 
to the work in hand. The final chapters of the book 
comprise extracts from letters received by Mrs 
Megaw from officials and colleagues who were closely 
associated with, and very appreciative of, the 
seientifie work of her late husband. 

This volume is prefaced by a letter from Sir Eric 
Ashby, formerly vice-chancellor of the Queen’s Uni 
versitv of Belfast, where Megaw obtained both his 
bachelor’s and doctoral degree in science. Sir Eric 
weleomes this memorial as a reassurance to both 
teachers and students, in describing “how the most 
satisfying career can be built on quiet, steady work. 
without publicity, without ostentation, and withouw' 
neglecting family life, or music, or literature’’. 

A brief appendix lists Megaw’s published papers, 
including that with two of his colleagues, which was 
published posthumously and was awarded the highest 
premium of the Institution of Electrical Engineers 

R. L. 
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Structure and Properties of Thin Films 
Proceedings of an International Conference held at 
Bolton Landing, New York, September 9-11, 1959. 
Edited by A. Neugebauer, J. B. Newkirk and D. A 
Vermilyea. (Sponsored by Air Force Office of Scien- 
titic Research, Air Research and Development 
Command, and the General Electric Research 
Laboratory.) Pp. xiv 561. (New York: John 
Wiley and Sons. Ine.; London: Chapman and 
Hall, Ltd., 1959.) 120s. net. 
rT conferences 
| one wonders how 
the research which 
is inevitable that 


are screntitic 

organized nowadays that 
anvone has time to carry out 
ix discussed at such meetings. It 
many scientists who would like to participate in a 
particular conference are prevented from doing so ; 
for these people a well produced book of Proceedings 
can be invaluable. Even the participants can profit 
from a more leisurely perusal of the flood of new ideas 
The present report is an excellent example of its 
kind. It was published withim a few 
the conference and is extremely well produced, both 


typographically and editorially. 

The papers are divided into six sections dealimy 
with the formation of thin films, with their 
mechanieal, electrical and magnetic properties, with 
chemical interactions at the surface and the general 
theory of surfaces. A IS 
section on the optical properties of thin tilms, although 
optical techniques figure occasionally in the individual 
papers. It would be invidious to select any parti- 
cular report from so field: many of the 
papers have a distinct technological bias and the 
at a particular 
devices. It 


regrettable 


Ww idle 


research described is aimed chiefly 
application, for example, computer 
would have been better if the title had been restricted 
to thin metal films -the papers deal almost exclu- 
sively with the properties of such interesting sub- 
iron, nickel, 


aluminiton, gold. 


stances as copper, 
silver, ete. 

The editors are to be congratulated on the high 
standard of the illustrations and on the provision 
of both an author and a subject index. The discus 
sions of the papers are fully reported and in many 
cases are quite as stimulating as the origimal report. 


J. 


An Introduction to Differential Geometry 

By T. J. Willmore. Pp. x+317. (Oxford: Claren- 
don Press; London: Oxford University Press, 
1959.) 35s. net. 

elegant domain of classical differential 
| geometry in three dimensions is now somewhat 
out-moded. But it retains a practical value, for 
example, in design problems, and forms a good, 
perhaps essential, prelude to work in » dimensions. 
Dr. Willmore’s book deals with both aspects. In 
the first part, it gives the main results about curva- 
curves and curvature of sur- 
notation; this is very clear, 
kinematical might 
vivid. There is 
differential geometry im 


and torsion of 
taces, using vector 
though some use ot 
rendered it more 
excellent introduction to 
the large, a topic of imereasing importance not 
venerously treated in English texts. In the second 
! space, and tensor algebra and 


Lure 


concepts 


have also an 


section, the space is 
tensor caleulus are developed ab initio to cope with 
Riemannian geometry and with the generalizations 
of the results in Part I. There is a good supply of 


mainly from Unis ersity ot Liverpool! 


exercises, 


months of 
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examinations, and plenty of bibliographical refer 
ences for further reading. The first part of the 
book must be counted as essential to any honours 
mathematics student, while the second part fornis 
a valuable first text for those who intend to begim 
research in global theory and differentiable varieties 


General Degree Applied Mathematics 
By 8S. L. Green and J. E. C. Gliddon. Pp. iv > 346 
(London: University Tutorial Press, Ltd., 1959.) 18s 


text, with Mr. Green's 

| the applied mathematics (excluding statistics) 
required by the London B.Se. (General), revised 
regulations. The authors have produced just th: 
book for the average undergraduat), who will not 
complam, may even rejoice, at the limitation in 
outlook values imposed by @ careful observance of 
the svilabus. The book deals with virtual work, 
statics of beams and strings, normal modes, vibrations 
of strings, hydrodynamics, gravitation and electro 
statics. Vectors are used freely but sensibly, thoug) 
it is sad to see that they cannot vet be taken fon 
this level, and require sixty pages of 
treatment. The bookwork is presented in 
and easy style; in some places, as, for exampk 
in the vector integral theorems, geometrical intuition 
freely to supplement or avoid analytice! 
rigour. Every point is driven home by worked 
examples, carefully selected from recent examination 
papers, the British tradition of plenty ot 
exercises for the reader is ft lly respected, It 
hard to think of a better book for the particular 
purpose: and if the not always 
sufficiently up to date, that is no fault of the authors 
The revised svilabus itself mav soon demand revision. 


Dynam ice, COVeETS 
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Nutrition and Physical Fitness 
By Dr. L. Jean Bogert. Seventh edition 
613. (Philadelphia and London: W. B 
Company, 1960.) 6 dollars ; 42s 


ry XHE earlier editions of Dr. Bogert’s book had 

| the laudable aim of presenting a comprehensiv: 
view of the whole subject of nutrition in fairly 
simple language suitable for students who had no 
previous knowledge of chemistry. As it is more o: 
less impossible to discuss many facets of nutritional 
reference to thew chemical! 


Py. 
Saunders 


science without some 
connexions, the present edition has been improve: 
by inclusion of some simplified material on the 
chemical constitution of carbohydrates, fats and 
proteins. Some graplucally illustrated ideas on 
the digestion and absorption of nutrients and on the 
functions of vitamins and enzymes are included 
The first two parts of the book on body-needs ani 
body-functions have been considerably rewritten 
and many illustrations and diagrams have been 
added. Lists of references for supplementary reading 
have been extended, which increases the usefulnes~ 
of the text. Within the limitations necessaril, 
imposed by the need to simplify statements and to 
be dogmatic on points which might otherwise by 
obscure for the students for whom the book is in 
tended, Nutrition and Physical Fitness is a good teach: 
ing text-book for introductory courses in nutrition 
Its ideas on meal planning are designed for the Amer: 
can way of life, but they can be adapted for othe: 
countries. Some notes on food fallacies and thei: 
refutation might well be studied by all who hav: 
concern with knowledge of foods and nutrition 
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RELATIVE EFFICIENCIES OF INDIAN LANGUAGES 


By Da. B. S. RAMAKRISHNA, K. K. NAIR, V. N. CHIPLUNKAR, B.S. ATAL, 
V. RAMACHANDRAN and R. SUBRAMANIAN 


Department of Electrical Communication Engineering, 
Indian Institute of Science, Bangalore, India 


concept of information and its measure 
| developed in telecommunication engineermg dur 
ing the past decade or so have made it possible to 
investigate certain questions in linguistics ina quant! 
tative manner. We deseribe here briefly a method of 
comparing the relative efficiencies of different 
languages and their seripts as means of communica 
tion. The efficiencies of some of the modern Indian 
languages, namely, Hindi, Marathi, Tamil, Malay 
alam, Telugu and Kannada, have been evaluated with 
to English, which was chosen as a common 
reference. The concepts on which the comparisons 
depend, however, are of general applicability and 
restricted to Indian languages 
introduce these 


respect 


are by no means 
We shall, indeed, 


referring to a similar comparison between 


alone notions 


here by 
English and German which we made prior to the 
study of the Indian languages. 

The key-note of this investigation is that 
different languages can be employed to serve the same 


where 


end-purpose, we can compare their relative perform 
ances as alternative means of communication using the 
tools of information theory. This work 
two notions: the first of these is that, if we accept 
that language is a code for the purpose of communica 
tion, linguistic statements which convey the same 
meaning in different languages can be considered as 
alternative forms of encoding the same semantic con- 
tent into linguistic symbols. The semantic equivalence 
of messages in different languages, however, does not 
imply that their informational entropies are also 
(The informational entropy associated with a 
of a message 


is based on 


equal 
symbol such as a letter, phoneme, ete., 
is defined in communication theory, in a manner 
analogous to the thermodynamical entropy, as 

log py. where the p;’s represent the probabilities 
of occurrence of the symbols obtained on a statistical 
basis from sufficiently long messages. The total 
entropy of a message containing N symbols is there 
fore NY; p; log py. When the logarithms are 
taken to the base 2, the unit of informational entropy 
is called a bit or, sometimes, a selective bit, to emph ws 
ize the selective role of information. The definition 
of entropy can be extended to include the statistical 
constraints between symbols, but we shall use here 
only the entropy based on Jetter probabilities, as all 
our comparisons are based on letter frequencies onlv 
For a detailed discussion of the concept of 
entropy see, for example, ref. 1.) It is well known 
that the entropy of a message is the proper measure 
of the cost of its transmission, storage, ete. It follows. 
therefore, that the entropies of semantically equiva 
different languages 


more 


lent statements im constitute 


imverse measures of the relative efticiencies with 


which the languages encode semantic content into 
linguistie swmbols. 

To obtain semantically 
two languages one must take suitable samples otf 
texts in one of the two languages and their translations 


equivalent statements mi 


in the other. 
CGerman?® (two closely related languages) it was found 
that when the original text was in English and the 
translation in German, 171,017 bits of information in 
English are equivalent to 207,590 bits in German. 
which seems to imply that one bit in English has about 


Thus in a comparison of English and 


the same semantic value as 1-21 bits in German. On 
the other hand. with the original in German ani th: 
translation in English, 163.984 bits in English prov 
to be semantically equivalent to 175,491 
German, leading now to an exchange ratio of 1-07 
bits of German for one bit of English. From similar 
comparisons of English and different Indian languages 
it appears that the exchange ratio is always relativeh 
more favourable to a language when the original j 
taken in that language. 

This situation can be explained on the following 


bits 


information theoretical model of translation. namely 
that translation is a process of the transformation of 
the code in which we aim at leaving the 
content invariant despite a certain inherent tendene 
for equivocation or semantic ambiguity arising m the 
translated text, which, in the terminology of the con 
munication theory, may be called semantic 
To preserve the content, therefore, the 
translator must overcome the noise by using additions! 
bits of information. Thus each bit has to be paid for 

not only its proper equivalent in the language ot 
translation but also the additional bits required to 
If we that a 


THON 


semantic 


bits in 


overcome the noise. assume 
(Cierman are the proper semantic equivalent of one bit 
in English and that y additional bits are needed to 
overcome the noise associated with the translation ot 
each bit in both directions, we obtain the 


simultaneous equations : 


ot 


207,590 


163,984 


(a 


175,491 (2! 4) 


for the English to German and German to English 
translations respectively, which yield x 1-15 and 
y — 0-065. This makes English relatively mor 
efficient in that it requires about 15 per cent fewer 
bits for transmitting the same semantic content than 
Similar comparisons established the 
Indian 


does German. 
relations between English and the different 
languages as shown in Table 1 
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EFFICIENCIES OF INDIAN LANG RELATIVE 


TO ENGLISH 


SEMANTI 


Number of bits seman- 
tically equivalent te 
Indian language me bit in English 


Hindi 
Tamil 
Malayalam 
Telugu 


Kannarta 


Now what makes a language more o1 less efficient 
than another for communicating semantt 


language becomes less efticient either if 


content 
Evidently a 
ideas are expressed in the language in a redundant 
form or if it uses relatively longer words to express the 
same notions. It is possible that the re latively high 
semantic efficiency we have noted above for English 
could be due to the large number of short words im 
that may be noted that the average 
length of a English is about 4-5 letters, 
whereas it letters in German.) Further 
analysis is needed before we can partition the in- 


language. (It 
word in 
is about 6 


efficiency of a language into components attributable 
to these two causes, 

The other notion introduced here relates to the 
comparison of the verbal-to-orthographie transcrip- 
tion schemes of different Janguages. Just as speech is 
a code for expressing our thoughts, so do the different 
alphabetic and syllabic forms of writing constitute 
codes for transcribing the sounds of speech into 
written symbols. Whenever. therefore, it is possible 
to transeribe a given phonetic pattern by two or 
more Scripts, We Maat regard the corresponding written 
symbols as alternative codes the phonetic content of 
which remains the same. We have thus a basis for 
comparing different seripts, once we have chosen a 
eriterion of merit. 

One of the chief merits of a seript is the speed 
with which it written It 
short while to examine the history 
see how the evolution of different scripts was greatly 
influenced by the speed with which their characters 
could be ‘written’ on the materials available dyring 
different periods. The transition from pictographic 
writing to the use of word-signs, then the svlabary, 
and finally the alphabet in Mesopotamia, and like- 
wise from the hieroglyphic writing to the hieratic 
and demotic seripts in Egypt, have all been steps 
however 


ean be we «digress for a 


of writing, we 


towards achieving faster speed Speed, 
has never been the sole determinant It 
more appropriate to say that the evolution of writing 


between the opposing needs 


would he 


follows a compromise 
of speed on one hand and legibility on the other 
Indeed, the progress of writing seenis to be gove red 
by principles similar to those existing in human 
speech. For example, it will be recalled that some 
vears ago Zipf* had observed that if the words in a 
language are ranked in the order of their frequeney 
of oceurrence then the product of the rank and the 
frequency of each word is nearly a constant. Informa- 
tion theorists? have tried to explain this relationship 
on the basis that it costs a certain effort to speak each 
word, and that this cost may be taken proportional 
to the length of the word. It is then shown that 
Zipf’s relation between the rank and frequenev is 
precisely the one which makes the average cost per 
word a minimum in accordance with Zipf’s Principle 
of Least Effort. A parallel case is to be found in the 
svilabic scheme of writing used in the Indian lang 
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nages : the vowel sounds which are more frequent 


than the consonantal sounds are not written separ 
ately when they follow a but merely 
modify the consonantal symbols with which they are 
effort needed im 


, 
associated. thus minimizing the 
writing 

Zipf has also directed attention to how certain 
words acquire multiple meanimgs im a language as a 
result of two opposing forces, namely, the economy 
of the speaker, the 
number of words to refer to whatever he means (just 
according to Zipf) and the needs ot 


who favours fewest possibl 


one, if feasible, 
the listener, who 
referent’ which the speaker imtended to refer. In 
language a to the needs of its 


these 


favours a separate word for each 


balance suited 
achieved 
certain words acquiring multipl 


each 
community is between opposing 
requirements by 
meanings, thus limiting the size of its vocabulary. An 
analogous principle also seems to underlie the evolu 
tion of writing at various stages of its ce velopment 
When picture writing was found to be inadequate as u 
means of unambiguous communication to the grow ing 
needs of settled comanunities, the early scribes had to 
increase the detail in the picture as well as their 
number. The device oft using the picture 
to represent homonyms (that is, words having the 
same sound value but different meanings) which was 
then developed helped the seribe to achieve some 
economy in writing. A further step in this direction 
was the juxtaposition of the symbols corresponding 
to the different syllables in a word whenever this was 
possible. This further the 
number of different signs required for communication 
the total different syllables 
required is generally less than the mumber of words 
Thus, we are told (see, for example, the article on 
“Recording and Writing’, by S. H. Hooke, in A 
History of Technology, 1, Oxford Univ. Press, 1954), 
that while there were about 2,000 word signs in use in 
Mesopotamia about 3600 B.C., by the end of the 
fourth millennium the syllabary consisted of only 
about The principle of alphabetic writing 
in Which the symbols came to represent the individual 
speech sounds was the last step which further reduced 
the number of different symbols needed for writing 
On the other hand, in the development of the mini 
scule or the lower-case letters from the majescule o1 
upper-case letters, we have an instance in which 
legibility rather than the desire for speed played the 
main part. As the capital letters were written in 
haste, the characters suffered in legibility, and to 
preserve thie distinction among the letters some of 
them were given ascending strokes as in & and / and 
others descending strokes as in p, q, ete 

Whatever may be the factors influencing the 
evolution of writing, we shall accept here the Roman 
and Indian seripts in the form in which they are 
handed down to us and confine the 
question whether the alphabetic form of writing of 
the Roman script has any advantage over the syllabic 
form of writing of the Indian languages in the matter 
of speed. To answer this question, writing was 
treated as an acquired skill, and a subjective test 
minimizing the effect of personal factors was designed 
as follows: from the phonemes common to English 
and the Indian languages (which account for more 
than 80 per cent of their occurrences in any of these 


process reduced even 


because munber of 


HOO signs. 


ourselves to 


languages) a set of 100 nonsense syllables were com 
posed and were then transeribed by the Roman 
seript and the several Indian scripts on separate test 
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sheets. A number of subjects (about 60) who had had 
sufficient (but not necessarily equal) practice in 
writing the Roman seript and one of the Indian 
scripts were esked to copy these syllables on the 
same sheets and in the same scripts. Thus a subject 
who could write Roman seript and Hindi seript 
(Devanagari) wrote the same 100 sounds in Roman 
and Devanagari scripts when he completed the test 
sheets. The times taken by the different indis iduals 
in the two seripts were noted. This procedure was 
followed with different types of syllables such as CV 
(consonant vowel), VC, CVC, CCV, ete., and the 
several Indian languages, using each time Roman 
script as a common reference For each type of 
syllable, the subjects furnish a bivariate sample of 
data ; namely, the times required for transeribing 
the same phonetic content by the Roman seript and 
one of the Indian seripts 

Sinee the observed times are likely to be influenced 
by the extent of practice of the individuals in the 
two scripts, the subjects were classified on the basis 
of their practice in writing the two scripts into three 
categories, namely, those that have relatively more 
practice in writing the Roman script, those that have 
relatively more practice in writing the Indian seript, 
and those that have about equal practice in both 
scripts. The observed writing times will not only be 
influenced by the scripts themselves but also by the 
writing speed and practice of the individuals in them, 
as well as random errors. Considerable attention was 
therefore given to investigating the significance of 
the effect of practice on the observed writing times 
Study of the cross-correlation between the writing 
times of the individuals in the two scripts showed that, 
in goneral, a person who is a fast (or slow) writer in 
one script also tends to be a fast (or slow) writer in 
the other script, irrespective of the extent of his 
practice in the two scripts (provided he has had 
practice beyond a certain minimum) 

Following now our assertion that the different 
«wipts are but different modes of transcription, we 
can now classify the mean writing times of the different 
categories with the script and the practice as the two 
variables of classification’. Table 2 shows a typical 
partition of the mean writing times =; of the different 
eategories in the Roman and an Indian seript 
(Telegu) into components which are attributable 
to the effects of (1) seript, (2) practice and (3) random 
errors measured from the grand mean 5/6. 
The cell means (/ 1, 2) differ 
from each other not only because of population 
variance and random errors, but also because of 
intrinsie differences in the scripts and differences in 
the practice of the different categories. 

We assume that any cell mean £;; can be written as 


where pu is the same for all the cells, x; (4 1.2.3) ma 
constant for all cells in the ¢-th row, 8; (j = 1,2) is 
the same for all the cells in the j-th column and ¢«&; 
a random variable which varies from cell to cell and 
has a sampling distribution with mean zero. (This 
assumption implies that there interaction 
between the row effects and column effects.) The 
quantities «, 8 and ¢ are determined so that 


Sa; = 0, 0, Xe Se 
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Table 2. CLASSIFICATION OF THE MEAN TRANSCRIPTION TIMES FoR 

THE (V TYPE OF SYLLABLES WITH SCKIPT AND PRACTICE AS THE 

Cfwo VARIABLES AND THE PARTITION OF THESE MEANS INTO Com 

PONENTS DUE TO THE EFFECTS OF ScriprT, PRAcTICR AND Rainbow 
ERRORS 


Mean transcription (on writing) times of CV type 
Category syllables 
of practice 


In Roman seript (see.) In Telugu seript (sec.) 


English 
category 176 -164+7+13 166 164 +7- 13 +s 


Telugu 


category | 16447-5413 | 16447-5-18-7-5 
Equal 

category 163 164. -145+13 +05 136 164-145 13 


In our case, the quantity uw establishes a common 
reference of the mean writing time for the different 
scripts and the practice groups, and serves as the 
balance point about which the practice effects 
represented by the x's and the script effects repre- 
sented by the 6's produce deviations. The row-vari 
ables measure the effeets of practice of the different 
eategories from this common reference and are thus 
independent of the partieular seript A positive 
value of x for a particular practice-eategory implies 
that @s members are on the average slow writers. 
whatever the seript. Similarly the column-variables 
3°s measure the effects of the seripts independently 
of the practice of the different categories. A positive 
value of 8 for a script implies that it is a more time 
consuming one than the other. If there were no 
differences in practice among the three categories. 
ty Ls 2s 0 and the mean writing times im 
the Roman and the Indian (Telugu) seripts would 
have been u %, and u + 8,, apart from the effect 
of random variations represented by the quantitie- 
c,;. Which we may expect to tend to zero as the sizes 
of the sarmples are inereased. The quantities 
and u 4, are therefore the proper measures ot 
the times required for transcribing the same phonet ix 
content by the Roman and Telugu seripts, free from 
the differences in practice of the different categories 
The numerical values of the quantities 2,; and then 
components u, 2's, ete., are given immediate) 
below them in each cell for the CV type of syHables 
We ean now arrive at an estimate of the relative 
time requirements of the two scripts by similarly 
analysing the data for the other types of syllables 
and taking the relative frequencies of the different 
types of syllables in the Indian languages inte 
account. 

The tinal results show that while in the case of (| 
and CCV type of syllables most of the seripts of the 
Indian languages studied here have a slight advan 
tage (requiring about 10 per cent less time than th: 
RKoman script) this is not the case in respect of the 
V, VC and CVC type of syllables. This might hav: 
been anticipated, as the syllabary enables the entir 
CV or CCV type of syllable to be represented by « 
single character with relatively minor modifications 
It ix also evident that even in the cases where the 
Indian seripts save in time. this saving is partly or 
even completely off-set by the fact that a cursive 
hand is not possible with them to the same extent 
as with the Roman script. It appears that the 
adaptation of the Roman script to Indian languages 
results in a reduction of about 5 per cent in the 
writing time for Tamil, Kannada and Hindi, and an 


i 
. — 
| 
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increase of about the same magnitude in the case of 
Telugu and Malayalam. 

While the numerical results given here are subject 
to the limitations inherent in the statistical sampling 
that Is necessary, we should like to focus attention on 
the possibility of investigating such questions in a 
quantitative manner. It is proposed to publish the 
details of these investigations the form of a 
monograph 
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BRITISH NORMAL THRESHOLD OF HEARING 
By L. S. WHITTLE and D. W. ROBINSON 


Applied Physics Division, National Physical Laboratory 


N 1954 a British Standard! on the norma! threshold 

of hearing for pure tones by earphone listening 
was published. The values specitied in the standard 
are based on two investigations?* carried out in the 
United Kingdom in which tests were made on more 
than 1,200 ears of otologieally normal subjects of 
ages 18-25 vears. 

A subsequent investigation by Knight and Coles‘ 
has added further weight to the reliability of the 
Standard, the values for 74 male subjects agreeing 
within 1-4 db. at frequencies from 250 to 4,000 ©./s. 
inclusive. Further experimental confirmation has 
been given by Hincheliffe'. 

In the British Standard the threshold is expressed 
in two ways: (a) As the minimum audible pressure 
measured at the entrance to the external auditory 
meatus, when the sound pressure is produced by an 
earphone applied to the ear. (6) In terms of the 
sound pressure set up in an artificial ear complying 
with B.S8.2042 (ref. 6) by an earphone of a specific 
pattern when actuated by the voltage corresponding 
to the normal threshold referred to in (a). 

We are here concerned only with the latter, termed 
the ‘equivalent threshold 
(ENTSP). 

The ENTSP is dependent on the pattern of ear 
phone, and for the British Standard this is the t ype 


normal sound pressure’ 


of loudness-balancing against a standard earphone of 
the reference pattern, and for this purpose the 
British Standard! recommends the employment of at 
least twenty observers. While loudness balancing 
must remain, for the time being. the primary method 
of calibrating earphones for audiometric use when 
the type involved is other than the appropriate 
national reference pattern, the accumulation of test 
results now makes it possible to present, at least 
provisionally, some values of the EN'TSP correspond 
ing to the British Standard threshold of hearing for 
a few of the other earphone patterns in common use 

The results of such comparisons carried out over 
the past few years at the National Physical Labor- 
atory are presented in Table | Meanwhile. an 
investigation has also been earried Out to assess the 
reliability of these subjective transfers’. 

By measurements of the objective sensitivities of 
earphones of these types on the B.S. artificial oat 
and 94 coupler, respectively, we are able also to 
express the British Standard threshold of hearing in 
terms of sound pressure in the 94 coupler (columns 
headed °9.4°). The information is then in a form in 
which direct comparison can be made with results 
on earphones and audiometers calibrated to other 
threshold standards, principally American (for ex 
ample, those given in refs. S and 9), which are based 


10264 manufactured by Standard Telephones and on the 94 coupler 
Cables, Ltd., London. If the ENTS/ for earphones It is well known that a considerable divergences 
of other types is required, this is obtainable by means exists between the current British and American 
Table 1 EQUIVALENT NORMAL TAHRESHULD SOUND PRESSURES 
(db. re 1 dyne’em.,*) 
bre 
quency Th Ih 
| 9A aA (a) (b) uA | 
4 
125 |—29-5 22-5 30-5 23-5 97-5 26-5 250) 23-0 31-5 
2) 445 42-0) 47-5 17-5 10 43-5 460 440 455 42°5| 42-5 450 445 
6-0 670 660 65-0 65-0 “050 64:5 65.0 5.5 4-5 660 H6-5 
1.500 66.0 64-0 “40 aro 62.5 “40 45-5 63-0 65-5 
2.000 650 5 63-0 O45 625 65-0 65-0 63-0 64-5 64-0 66.0 64°5 665 
8,000 67-5 Hoo 66-0 610 wo 63-5 68-5 ov 
4.000 H54 ‘ 61 ‘ “40 67 +4 ole “oo 640 O44 67:-51—68 0 69.0 
6.000 50-5 t 56-5 bio ' 63-5 so oo 
S000 | 773 O45 64-0'—67°5 ooo ‘ tO ‘ 71-0 
“7 4 0-5 57-0 17 0 ‘ 74 4 
MY4/AR { ADC are descriptions of the earcaps 
The soft rubber earcat ipplied with this ecarpl We { measurement the ! rdunce wit) 


a) From ref. 1) frown 
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Table 2. ESTIMATE OF THE LNTRINSIO DIFFERENCE BETWEEN BRITISH out by A. Glorig (private Communication) To the 
STANDARD THRESHOLD OF HEARING AND AMERICAN VALUES 
corrected values we have added a further adjust ment 
British threshold for the estimated difference bet ween the Walter Reed 
brit eshold threshold S.P.L. giver and British threshold determinations, shown im 
A. threshold §.P.1 by Albrite et al. (ref. 10 
Table 2. 
The resulting values are the ‘derived 94° ENTS? 
00) 10 15 The extent to which these depart from the values 
O00 shown in the corresponding columns headed ‘917 ts 
“uo 
OOO 0 a measure of the combined subjective errors involved 
in transfers between the reference earphones 
000 2-4) 
6.000 those of the other types shown, objeetive error 
000 (which are probably small), and the failure of thi 
O00 


Armmerican work! has 


are 


Howe, er, recent 


when thresholds 


standards! 
shown that 
suntilar experimental 


measured under 
the san 
the lis 
crepancy between the threshold of hearing measured 
in the United States and in Britain to a large extent 
At the present time we are able to make 


conditions and when 


method of selection of subjects is used, 


«lisappears 
t 
shown in Table 2, 


provisional estimate of the residual difference 
as a result of interlaboratory ex 
changes of the actral carphones emploved, together 
with 
below 


indirect subjeetive transfers discussed 


This should not be regarded as tinal, however. 


as the resolution of this discrepancy is at present 
under Technical Committee 43° of 
the International Standards Organization 


consideration by 


To illustrate the comparison between the new 
American data'® and the British, we have derived 
from American data six estimates of the British 
threshold referred to various earphones, and these 
are shown for comparison with the British data 
under the colhuonns ‘derived 94° in Table 1. The 


values have been obtained as follows: To the equis 
threshold for the various 
earphones (given in refs. 8, 9 and IL in terms of the 
American Standard) we have added a cor 
(Cook, RK. K., private 
bring them into line with the new 
et al. In the of the T'DH39, values already 
expressed in terms of Albrite’s threshold 
available as ai result of subjective 
between the 40264 and 7054 


alent sound pressures 
current 
rection communication) to 
data of Albrite 
Case 
were 
COMPRAPISOTLS 


types carried 


THE RE-SURVEY OF TYPHOON 


particular earphones used in the various Comparisons 
to conform exactly to pattern (that 1 the ratio of 
subjective sensitivities may not be precisely equal to 
the ratio of sensitivities on the artificial ears). The 
ley artures are im InoOst Cases quite small and mon 
(mean 1-2 db., 5 db.) 
the range 250-6,000 ©. s., which is regurded as satis 
view of the indirectness of the 
For applications of Table 1, however, 


svatematic maximum 3 


factory in some of 


COM 


we would recommend the adoption of the valnes 
headed “4°, which were obtained by direct com 
parison of the response of earphones on a B.S 


irtificial ear and a 94 coupler, respectively. 

Phe carried out as part of 
the research programme of the National Physical 
Laboratory, Teddington, and this article is published 
by permission of the Director of the Laboratory 


work deseribed was 


Normal Threshold of Hearing for Pure Tones 
(British Standards Institution, 2 Park 


2497: 1954. The 
bu Earphone Listening 
Street, London, W.1) 

* Dadson, R. S., and King, J. H., J. Laryng. and Otol., 66, 
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EFFECTS ON JALUIT ATOLL IN 


THE MARSHALL ISLANDS 
By Dr. DAVID |. BLUMENSTOCK, Dr. F. R. FOSBERG and CHARLES G. JOHNSON* 


N a previous issue of Nature’, one of us (Db. I. B.) 
| reported briefly on the first findings of a field-party 
of seven scientists who visited Jaluit shortly after it 
was struck by Typhoon Ophelia on January 7-8, 
1958. More recently, some detailed results of this 
initial survey have been given in an article by Dr. 
Edwin D. MceKee® and in a series of papers by all 
seven participating scientists which is in the press*. 

Meanwhile, the present authors visited Jaluit Atoll 
during the period October 19-29, 1960. to observe in 


veneral what changes have occurred since the first 


* Dr. David I. Blumenstock is Pacific Area climatologist, U.S 
Weather Bureau: Dr | R Fosberg is botanist, U.S. Geological 
bnson geolowist theological 


Survey and Mr. ¢ rles 


survey, and especrilly to learn what effects have per 
sisted most strongly and may long be expressed on 
the atoll. In this re-visit, sponsored by the Pacitic 
Science Board of the National Acadenis 
National Research Council, the Office of Naval 
Research, and the Trust Territory of the Pacitie 
Islands, we were greatly aided by Mr. Erie Knudsen, 
who is the resident agriculturist at Jaluit for the 
Trust Territory It is the purpose of this article to 
report very briefly and in a preliminary sense on ow 
findings during this re-survey 

General findings. The initial survey 


of Sciences 


revealed that 


the typhoon had created rubble bars on the reef-flat 
of 


on the ocean = side the eastern islets and had 


> 
‘a 
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“FREEZING” 
is the 


only way 


Certain techniques (for example: enzyme techniques, fluorescent 
antibody techniques, or where rapid diagnosis is required) 
prohibit the use of fixatives during the preparation of tissue 
sections for microscopy. Because freezing keeps sections fresh, 
unfixed sections of frozen tissue are in increasing demand. 
Although special freezing cabinets can be constructed to 
enclose the microtome, the CAMBRIDGE MICROTOME CRADLE has 
the great advantage that it can be used with certain com- 


mercially available deep-freeze cabinets already installed in MICROTOME CRADLE 


many laboratories (without modifications). The bottom of the 


cabinet is still available for normal storage when the microtome a 
for deep freeze 


iS in position. 

OPERATION OF MICROTOME.Once in position, the microtome . 
can be operated directly, without complicated mechanisms, operation 
through openings (rubber sealed) at the top. The effective 

design of this cradle has been confirmed by two years’ routine 


operation of prototype models 
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are available for transmitted light and photo- 
micrographic work. Ideally suitable for the 
chemist and metallurgist in all forms of 
research work where simple and rapid 
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created other bars or extended existing bars on the 
lagoon reef-flats of some of these same islets. The 
typhoon had also laid down thick sheets of coral 
gravel across large sections of the eastern islets, had 
channel-ways. and had destroyed or 
per cent of the trees throughout the 
eastern and 20-50 per cent throughout the 
western Economically, the damage was so 
severe that the Trust Territory Government had to 
supply sufficient food to meet more than 60 per cent 
of the food the 1,200 native in 
habitants. 

The re-survey has revealed that although the 
effects of the typhoon are still evident on all islets, 
there have been very significant changes. In virtually 
all locations studied the rubble bar on the ocean reef 
of the eastern islets has moved landward. In several 
places it has joined the main body of land ; in others 
the rubble has spread out to form boulder tracts on 
the reef-flat; and in still others the bar remains 
separated from the main land body, but 20-50 vd. 
New bars on the lagoon side of the 
eastern islets seem largely to have remained intact, 


scoured out 
felled 70-90 
islets 
Ones 


requirements of 


closer to it. 


though doubtless their form has changed somewhat. 
Ciravel sheets still lie across the islets, but are being 
invaded by vegetation. In most places the vegetation 
made recovery. Culturally, re 
planting of coconut palms has been virtually com 
pleted, some breadfruit have been replanted and the 
recovery oft damaged or partially destroved trees has 
greatly improved the local food supply. These three 
vegetational and 
somewhat greater 


has considerable 


aspects of change — geomorphic, 
eultural—will be 


length, and sore 


discussed at 
comnent rade on renewal of the 
soul. 

Geamor phic changes The most 
morphic change since Typhoon Ophelia has been the 
migration, removal or spreading out of nearly all of 
the rubble bars that were formed by the tvphoon 
along the middle of the ocean reef on the eastern sick 
of Jaluit. Remnants of the bar that do remain are 
jittle except that there has been locally 
slight 
decrease in height by and con 
slumping of the boulders and slabs that 
part of the Where the 
removed, low tracts 
of imbrieated slabs and boulders remain. In a few 
removed and the reef 
The materials derived from 


CONSPICUOUS 


geo 


changed. 
removal of gravel 
sequent 
comprise the bars. 
rubble have 


mayor 


bars been broad, 


places even these have been 


flat is essentially bare 
the bars now form gravel and rubble ridges or ramp- 
arts along the seaward edges of the islets, as was 
the situation before the typhoon. 

off-shore bars alony 
the eastern reef. Essentially all 
the bars remain intact and show little or no loss of 
material or slumping. On the contrary, the bars have 
been enhanced in sonte places by addition of fresh 
vrave ] tossed up by waves in the lagoon. 

Within the tide zone, scour pits and channels cut 
through sand or poorly consolidated sediments have 
become partly filled and will probably fill 
Little change could be s-en in scour pits and channels 
at heights above the effect of tides and waves ; these 
are likely to become permanent irregularities in the 
topography until the next typhoon. 

The general condition throughout Jaluit resulted 
from a re-adjustment of the shore-lines and bars 
created by the typhoon back to alignments of equi- 
librium approximating those that existed before the 


Less change was noted in the 


the lagoon side of 


more 


increase in height by addition of gravel or 
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typhoon. Gravel and rubble bars, the situations of 
which are not too much at variance with the normal 
regimen of the waves, currents and winds, will prob- 
ably remain in place long enough to become sufti- 
to be reminders of 
Other features that are likely to 
be more or less permanent are the gravel sheets that 
covered large seaward land areas of the windward 
islets, the scour channels, and the tidal ponds bet ween 


ciently indurated 


Ty phoon Ophe lia. 


permanent 


the lagoon gravel bar and the islets 

Vegetation and soils. Superticially, the aspect of 
the vegetation has changed strikingly in the two and 
a half years since the 1958 survey. 

Most of the areas that were then barren expanses 
of coral rock and gravel are now green and have a 
luxuriant, though low, and shrubby 
vegetation. These areas, swept by both wind and 
high waves, still have little that could be called 
soil in the ordinary sense, as the fine material was 
generally washed out by the typhoon waves. Locally, 
only a strictly pioneer vegetation has become estab- 
all. Elsewhere the pioneer 
species have largely been smothered by aggressive 


herbaceous 


lished. or even none at 
secondary vegetation. 

Areas which were affected only by wind, rather 
than wind plus water, have, in many places, produced 
a dense low forest or tall serub in which P/pturus 
argenteus is & principal Component. 

Estimation of the degree of recovery of the vegeta- 
tion has been complicated by the fact that, during the 
extensive re-planting of coconuts, the brush has been 
therefore the present 
from this operation, 


largely cleared out once ; 
Vveyetation represents recovery 
as well as from the effects of the typhoon. The pre 
typhoon vegetation was completely dominated over 
most islets by and breadfruit 


plantations. As pointed out in the 1958 article, these 


coconut roves and 


were ino a large measure damaged or destroyed 
Although re-planting, at least of coconuts, has been 
extensive, the planted seedlings have not yet assumed 
an important role in the vegetation, and it will be 
certainly 10-15 years before the more thoroughly 
devastated areas can be expected to resume their 
former densely forested appearance. Further, unless 
there is a greater emphasis on breadfruit planting 
than at present, the resulting forest will be far more 
coconut palms than was the 


Minor vegetation types, such as 


dominated by case 
before the typhoon 
mangrove, 1’ mphis forest, beach ridge and 


scrub forest and the Pésonia forest on small protected 


serub 
islets are mostly already beginning to resume their 
former asp ects, and only need to grow up to their 
former stature to be much as before 
Much information the 
adaptation of some of the important atoll and strand 
recovery typhoons 


Was gained on mode of 


and from 
For example, of the tree species, Pandanus, Cocos, 
Brugquiera and Pipturus have largely replaced them 
seedling reproduction, whereas Pemphis, 
Artocar pus, Pisonia and Cordia have 
conspicuously sprouted from the remains of plants 
damaged by the typhoon. Scaevola and Tournefortia, 
while sprouting abundantly from old stumps, have 
also appeared from seed in great profusion. 

The difference in between wave-swept and 
non-wave-swept areas is conspicuous. In the former, 
whether the soils were buried by gravel or removed, 
little new soil development has taken place beyond 
the addition of some litter on the surface and some 
On the 


species to survival 


selves by 


re inad 


soils 


humus and roots in crevices and interstices. 
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areas still retaining the original soil, the effect of the 
typhoon has perhaps proved beneficial. In places, 
large quantities of organic debris were added to the 
soil and much of this has decomposed ; also, since 
the typhoon, the people have shown very little 
tendency to resume the previous burning of vegetable 
trash but rather they now allow it to rot. Con- 
sequently, many of the soils of the non-wave-swept 
islets are, at present, in excellent condition as coral 
atoll soils go, and are loose, friable, dark and rich in 
organic matter even when gravelly. This state of 
affairs may well continue so long as burning is not 
resumed. On most of the wave-swept areas soil 
amelioration will be much slower, depending on the 
weathering of gravel, addition of organic matter from 
root growth and leaf fall, and carrying in by wind or 
waves of sand- and silt-sized materials. 

Cultural changes. We also noted marked changes 
in the cultural scene. Dwellings and other structures 
in the villages had all been repaired or rebuilt. 
Village walks had been cleared, and several have been 
bordered with stones. Where before there were none, 
ornamental plants now grow in neatly arranged 
gardens in front of several dwellings ; and in many 
places coral debris has been cleared from garden 
areas and stacked in mounds nearby. The debris 
from fallen trees has been cleared from large parts of 
the inhabited islets, but not from the uninhabited 


ones. 


Prof. D. Cordier 


PHYSIOLOGISTS throughout Europe will have learnt 
with sorrow of the death in October of Prof. Daniel 
Cordier in his sixtieth year. From 1946 he had held 
the chair of general physiology in the University of 
Lyon, but during the war years he was a well-known 
figure in Cambridge, where he conducted researches 
on chemical warfare for the French Forces under 
General de Gaulle. 

Before the Second World War he had been in charge 
of the research station at Le Bouchet as director of 
the Physiological Laboratory under the Ministére de 
lArmement, and in June 1940 he was one of the 
party of French scientists brought to England by the 
Earl of Suffolk to carry on their war work for the 
Allies. He and Madame Cordier lived in Cambridge 
until 1945, accepting exile with an unshaken faith in 
the outcome and making many friends. 

Trinity College was particularly fortunate in having 
Prof. Cordier as a genial member of its society. His 
sturdy figure became a symbol of the French resist- 
ance, the colleagues who came to consult him were 
welcome guests at the high table, and his regard for 
the College added to the pleasure of his company. 

He had an extensive knowledge of pulmonary and 
renal physiology which was of great assistance to all 
who worked in the Physiological Laboratory, and his 
own work on traumatic shock and 
showed his experimental skill and made a valuable 
contribution to war-time research. 

After his France he and 
extended his work on more general lines, studying 
the effects of different forms of shock in a wide range 
of animals and dealing particularly with the dis- 
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There are now many more outrigger canoes than 
there were in April 1958. No count was made of 
these, but several boats were seen in each of the five 
villages virited (Jabor, Majuriruk, Pinlep, Jaluit, 
Imroj). None of these canoes exceeds 15 ft. in length, 
but we were told that they meet the needs of the 
natives for transport and fishing in the lagoon and 
at distances up to a few miles out to sea, 

Among the subsistence crops that are now thriving 
and are being used are breadfruit, pandanus, pump- 
kins, bananas and sweet potatoes. The last two are 
especially widely grown. Coconuts remain the chief 
subsistence crop despite the large number of trees 
destroyed in the typhoon. In contrast, taro, which 
was an important crop on Pinlep Islet prior to the 
typhoon, is now only just beginning to be raised 
again. 

The administration has sponsored and assisted 
with a wide-spread programme for the re-planting of 
coconut palms to provide a cash crop in the years 
ahead. This programme has been completed on all 
but the eastern islets, where it has almost been com- 
pleted. At present, however, there is little or no 
copra produced for export, and the principal exports 
are trochus shell and handicrafts, neither of which 
provides a substantial cash income. 


* Nature, 182, 1267 (1958). 
8 J. Sediment. Petrology, 29, 354 (1959). 
* Atoll Research Bull. No. 75 (1961). 


liver. He became secretary-general of the Association 
des Physiologistes de Langue Francaise and the 
French representative in the International Union of 
Physiological Sciences. He will be greatly missed by 
the many colleagues who knew him in England and 
had the pleasure of seeing him again established in 
his own laboratory after the War. ADRIAN 


Mr. Henry Braid Irving, O.B.E. 


Henry Braip Irvine died in hospital at Stoke 
Mandeville, Bucks., on January 12 at the age of 
seventy-one after a lifetime devoted mainly to aero- 
dynamic research. He was educated at the King’s 
School, Chester, and at the Manchester College of 
Technology, and this was followed by four and a half 
years of practical and design experience in marine 
and general engineering on the Clyde. 

He commenced his aerodynamic researches at the 
National Physical Laboratory in 1914, and his great 
contribution to the advancement of aeronautical 
science is indicated by the publication of more than 
sixty papers in the next twenty-five years. They 
cover a wide field, including airships, seaplanes, kite 
balloons, radiators, stress calculations and buffeting 
in addition to aeroplane stability and control prob- 
lems and the spinning of aeroplanes. He is best 
known for his work on these last subjeets, being the 
first to suggest the use of the slot for the improve- 
ment of lateral control in August 1922, a subject on 
which he published several papers; this was later 
recognized by the award of the Charles Wakefield 
Gold Medal by the Royal Aeronautical Society im 
1929. The aerodynamic balancing of controls was 
aided by his proposal for a shrouded nose balance in 
November 1939, and a practical method of balancing 
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split flaps published in May 1936 is known by his 
name. 

In 1939 Irving was transferred to the Royal Air- 
eraft Establishment and later became assistant 
director of scientific research (air) at the Ministry of 
Supply until his retirement in 1954. While at the 
Ministry he was responsible for initiating in 1950 
researches on the reduction of the noise from jet 
engines. He wrote several papers on noise, was @ 
consultant on this subject to the Ministry during 
1954-57 and afterwards to the firms of Bristol- 
Siddeley and Westland Aircraft. He had also been 
chairman of the Noise Research Committee of the 
Aeronautical Research Council and a member of 
several of its other committees. 

He was made a Fellow of the Royal Aeronautical 
Society in 1932, and was a founder member and 
chairman of the Man-powered Aircraft Committee of 
the Society, the committee which has fostered the 
growing interest in Britain in man-powered flight. 
Due to his personal efforts and his published articles, 
the prospects of man-powered flight in the near 
future has been enhanced. 

Henry Irving was a man of great personal charm, 
kindness and sincerity, and he was an inspiration to 
all those who came in contact with him. He leaves 
a widow and two daughters. J. L. NAYLER 
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Mr. W. A. Kay 


WituiAM ALEXANDER Kay, who died in January, 
was a prince of laboratory stewards whose fame 
spread far beyond the Physies Laboratory at Man- 
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Dr. Jerome B. Wiesner 

PRESIDENT KENNEDY has appointed Dr. Jerome B. 
Wiesner to succeed Dr. George B. Kistiakowsky as 
special adviser for science and technology to the 
President. Dr. Wiesner has been on the staff of the 
Massachusetts Institute of Technology since 1946, 
being appointed to the grade of professor in the 
Department. of Electrical Engineering in 1950. 
During the same period he carried simultaneous 
responsibilities at the Institute for the research 
laboratory of electronics, of which he became director 
in 1952. Born in Detroit, Michigan, in 1915, he 
went to the nearby University of Michigan, earning 
the degrees of B.S., M.S., and Ph.D. in engineering. 
During his twenties, he sampled a variety of occu- 
pations, ranging from a broadcasting station to the 
Library of Congress (as chief eng neer). Thereafter 
he spent three war years at the Radiation Laboratory, 
Massachusetts Institute of Technology, followed 
by a year at the Los Alamos Scientific Laboratory 
during 1945-46. In addition to his academic and 
research posts, he has acted as consultant to industr.al 
firms. Dr. Wiesner’s research and scientific interests 
have been principally in the fields of acoustics, 
electron es, radar and theory of communications. 
Among his achievements was the development of 
the ‘scatter’ communication system, mak ng possible 
the extensive distant early warning Ine spanning 
the northern perimeter of the American continent. 
In recent years, his interests in the international 
political problems of science have widened, stimu- 
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chester in which he spent the whole of his working 
life. He started there as a laboratory assistant in 
1894, and became steward in 1908, serving success- 
ively under Sir Arthur Schuster, Lord Rutherford, 
myself and Prof. P. M. 8. Blackett. He was Ruther- 
ford’s chief helper in the great days of his Manchester 
researches. In recognition of his services to the 
University he was made an honorary M.Sc. in 1946, 
and the University staff service centre is named after 
him. 

He was an excellent steward and brilliant at 
devising experiments and demonstrating them in 
class. When Rutherford left Manchester in 1919 he 
invited Kay to go to Cambridge with him, but Kay 
could not bring himself to leave his native heath. 
How fortunate this was for the very inexperienced 
young professor who succeeded Rutherford can only 
be realized fully by myself. A great change has come 
over laboratories since those days, with their large 
establishments of secretaries, accountants, research 
and lecture room assistants and mechanics. Kay 
combined all these roles, and those of guide, phil- 
osopher and friend as well. 

But it is not for his skill and his unflagging zeal 
that he will be chiefly remembered. His integrity, 
discretion, wisdom, warmth, and combination of 
modesty with a sturdy independence made a deep 
impression on all who knew him. The comparison 
may seem fanciful, but it is one which I have often 
made in my own mind. His personal qualities en- 
deared him to us in much the same way that Michael 
Faraday’s personality endeared him to his con- 
temporaries. W. L. Braae 
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lated in part by membership of President Eisen- 
hower’s scientific advisory committee, by his appoint- 
ment in 1958 as staff director of the U.S. delegation 
to the Geneva Conference on means of reducing 
the dangers of surprise attack, and by his attendance 
at several Pugwash Conferences. 


Machine Tool Industry Research Association : 
Mr. A. E. de Barr 


Mr. A. E. pe Barr, who has been appointed the 
first. director of the Machine Tool Industry Research 
Association, has had a distinguished career in indus- 
trial research. Born in 1918, he graduated with first- 
class honours in physics from the University of Leeds 
in 1939 and, after a short period of postgraduate 
research, proceeded to the Mine Design Department 
of the Admiralty. He remained with the Admiralty 
until the end of the War and then joined the firm of 
Joseph Sankey and Sons, Ltd., as research super- 
intendent (physics). He transferred to the Guest, 
Keen and Nettlefold group of companies when the 
Research Laboratories of Sankey’s became the Central 
Research Laboratories of the group. In 1950 he 
accepted the position of leader of the Physics Division 
of the Research Laboratories of Elliott Bros. (London), 
Lid., where he was responsible for the establishment 
and development of physics, chomistry and metallurgy 
laboratories. Mr. De Barr joined the staff of the 
Shirley Institute, Manchoster, in November 1953 as 
head of the Spinning Department, where his main 
contribution has been in the application of physical 
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concepts to fibres and yarns and the engineering 
improvement of the spinning process. He is the 
author of a number of scientific papers on physical 
and engineering subjects, a Fellow of the Institute of 
Physics and has for many years played an active 
part in the development of technological education. 
The new Research Association is to be congratulated 
on getting as its first director a man of outstanding 
scientifie ability, who brings to it also an appreciation 
of the problems of industry, and particularly of 
engineering industry, at a time when the machine tool 
industry in Britain looks to be moving into a new 
phase of production techniques. 


Pure Mathematics at Swansea : 
Prof. R. Wilson 


Pror. R. Witson, head of the Department of Pure 
Mathemetics in Swansea, retires in September 1961 
after being a member of the staff of the University 
College of Swansea (University of Wales) for forty 
vears. Edueated at Bradford Grammar School and 
Queen's College, Oxford, where he was a Hastings 
Scholar, he served in the First World War before 
graduating in 1921 In the same year he was 
appointed an assistant lecturer in the Depart ment of 
Mathematics in Swansea, a vear after the foundation 
of the College. He became a senior lecturer in 1929 
and professor from 1942. His published research 
papers cover a variety of topics im mathematical 
analvsis and those on the classification of singularities 
of functions of a complex variable are perhaps best 
known. He spent a year in Cambridge as a Lever- 
hulme Research Fellow during 1938-39, and in 1955 
was awarded an Oxford D.Se. Three times dean 
of the Faculty of Science, and for his last five vears 
the senior professor in Swansea, Prof. Wilson has 
served at one time or another on a large number of 
the committees of the College and of the University 
of Wales, and has often provided a powerful stabiliz- 
ing influence, in days of rapid expansion and frequent 
change, using his long experience to help preserve 
continuity with the earliest days of the youngest of 
the Welsh university colleges 


Prof. J. D. Weston 


Dr. J. D. Wesros, reader in mathematical analysis 
in the University of Durham at King’s College, 
Newcastle upon Tyne, has been appointed to succeed 
Prof. Wilson. Amony his responsibilities will be that 
of organizing all the post-intermediate teaching of 
mathematics to applied scientists in the College, and 
it is of interest in this connexion that Prof. Weston 
first graduated by taking a first-class honours degree 


in engineering in London in 1939. As a practising 
radio development engineer, he was on the staff 
of Standard Telephones and Cables, Ltd. After 


gaining a London B.Sc. in mathematics (1944) and 
Ph.D. in engmeerime (1946), he was for a short time 
lecturer in mathematics at the Woolwich Polytechnic 
and later lecturer in the Mathematics Department 
of the University of Sheffield until 1949. He then 
moved to King a ( ‘ollewe, Newcastle, where he became 
a semor lecturer m 1958 and was appoimted to a 
personal readership in 1960. During the academic 
vear 1959-60, he held a visiting associate professorship 
in the California Institute of Technology. and in 
1960 was awarded a London D.Sc. Prof. Weston has 
a distinguished research record and an international 
reputation as a functional analyst. His published 
work has been concerned mainly with the properties 
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of certain topological spaces, including linear spaces, 
and more recently with an elegant treatment, based 
on convolution algebra, of that part of distribution 
theory from which a rigorous account of the Heaviside 
operational calculus can be developed. 


Re-organization in the U.K. Atomic Energy 

Authority 

CHANGES in the organization of the United King 
dom Atomic Energy Authority are being made, as 
the result of recommendations of the Select Committee 
on the Industrial Group which reported in July 1959. 
Sir William Penney has been appointed deputy 
chairman, with primary responsibility for scientific 
and technical co-ordination throughout the Authority. 
The work of designing and developing nuclear reactors 
will be concentrated, to the greatest possible extent, 
in one group of the Authority. The major develop- 
ment facilities required for this purpose will be 
under its control. The structure of the Development 
and Engineering Group will be modified for this 
purpose. It will be re-named the Reactor Group 
and will be responsible for the design and develop 
ment of reactors, and for relations in this field with 
industry in Great Britain and with overseas countries. 
The Winfrith Research Establishment, which has 
responsibilities in the same field, will be transferred 
from the Research Group to the Reactor Group 
The existing responsibilities of the Development and 
Engineering Group for the design and construction 
of plant, works and buildings will be transferred to 
a new Engineering Group, which will also take over 
from the Production Group its responsibilities for 
the design and inspection of fuel elements for 
production purposes. Apart from the transfer of 
the Winfrith Research Establishment, the structure 
and responsibilities of the Research Group remain 
unchanged. The Weapons Group is unaffected by 
the new arrangements. 


National Lending Library for Science and Tech- 

nology 

IN a written answer in the House of Commons on 
February 16, the Parliamentary Secretary for Science, 
Mr. TI). Freeth, said that from April 1957 until the 
end of Mareh 1961, expenditure on the National 
Lending Library for Science and Technology was 
estimated at £904,000, including the capital cost of 
adapting the buildings at Boston Spa, Yorkshire 
The net cost of the existing Library unit in London 
would be about £272,000 in the current financial 
vear, and after the move to Boston Spa was com 
pleted and the Library was fully operational, at the 
end of 1962, the annual cost would be about £315,000. 
No direct expenditure had yet been incurred on the 
National Reference Library for Science and Invention. 


The Health Programme in India 

THe November issue of Science and Culture 
(26. No. 5) contains an article outlining the health 
programme of the Third Five Year Plan in India, 
and also a discussion of the proposals by Dr. A. N. 
Khosla, delivered to the Health Panel of the Planning 
Commission. Of the 300 crores of rupees allocated for 
health, 80 crores are for water supply and sanitation, 
50 crores for primary health units, hospitals and 
dispensaries, 92 crores for control of communicable 
diseases, 38 crores for education and training and 
25 crores for family planning. The shortage of 
medical personnel is a grave problem: there are 
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about 71,000 doctors in India, 25 per million in rural 
areas and 800 per million in urban areas, while the 


present 55 medical colleges have an annual intake of 


5,000 and train about 2,800 graduates each year. 
The position regarding women doctors is particularly 
unsatisfactory. It is suggested that it is not suitable 
to increase the mumber of medical colleges at present, 
but that the resources of the Plan could be more 
profitably used in raising the standard of teaching, 
providing more equipment and space in the hospital 
and laboratories and increasing the staff of qualified 
teachers in ex-‘ing institutions. The total allocation 
of Rs.300 ecreres is regarded as inadequate, and 
besides a determined effort to eliminate the adultera 
tion of food, a bolder policy in regard to water supply 
and sanitation is urged, and expansion of the existing 
scheme for eradication of endemic goitre by the 
supply of iodinated salt is recommended to cover the 
whole of the endemic belt. The public health labora- 
tories envisaged should be provided with free diagnos 
tic services for the public. 


Information on Translations 


office has been 


U.S. 


information 
Euratom, the Atomie 
Energy Commission and the U.K. Atomie Energy 
Authority in Brussels. Called “Transatom’, is 
intended to act as a clearing house for information 
on the translations of nuclear literature available from 
of organizations. It publishes monthly 
the Transatom Bulletin, which lists in the stvle of 
Nuclear Abstracts translations at present 
available of articles, with source and price. It also 
lists forthcoming translations as well as translations 
of whole journals. In addition to this service, 
“Transatom’ is assembling a master file of translations 
of interest. This file may be consulted by subscribers 
to the Bulletin. The first issue of the Bulletin is 
dated December 1960 (Pp. 80. 50 franes; 1 dollar. 
Bruxelles: Euratom, Transatom Service, 51 rue 
Belliard, 1966). The majority of the translations 
listed are from Russian and Japanese journals, and 
the language of the translation is English. French 
or German. Further information may be obtained 
from Euratom, Transatom Service, 51 Belliard, 


A NEW international 
jointly established by 


a& variety 


Scrence 


rue 


Brussels. 


International Natural History Research 


YounG naturalists all over Europe have been 


carrying out a survey of the arrival and departure of 


the swift and the flowering time of the wood anemone. 
Their report for 1959 has been issued by the Inter- 
national Youth Federation for the Study and Con- 
servation of Nature. The first swift was reported im 
Holland on April 18, and the ‘last first’ im Finland 
on June 7. On the return migration the swifts dis- 
appear from the more southerly breeding localities 
before they have left those in Scandinavia. The first 
wood anemone came into bloom in Holland on 
March 19, and the ‘last first’ in mid-Finland on 
May 18. Many Nature clubs in Britain are associated 
with the Federation through the British Co-ordinating 
Group, but there is no reason why young naturalists 
in any society should not participate. The pro- 
gramme for 1961 will follow the plan as used in 
previous years. Introductory notes and duplicated 
recording sheets will be available very soon and 
the work will begin in the early spring. Recording 
for the wood anemone will be over by about the 


beginning of April, but recording for the swift 
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end of the summer. For 
the swift, the dates for the arrival of the first 
individual and the main flock will be required, 
details about nesting sites, numbers of young birds 
and also the dates at which the 
birds left the area in the autumn. For the wood 
anemone, information will be required about the 
habitat, abundance of plants at a given locality, 
details of the phenology and counts of the 
number of petals on individuals in’ a random 
sample. Information and recording sheets will be 
available from the secretary of the Naturalist, Derek 
Altmore Avenue, East Ham, London, 


will continue until the 


in selected nests 


also 


S. Davis, 56 


The National Art Gallery and Dominion Museum, 

New Zealand 

THE report of the Board of Trustees of the National 
Art Gallery and Dominion Museum for the year ended 
March 1960 discloses a vear of wetivity mm many 
directions (Pp. 30. (H. 21.) Wellington: Govern 
ment Printer, 1960). Temporary exhibitions included 
an unusual one of Czechoslovakian Truka puppets 
The re-appointment of an educational officer has 
proved of great value to this side of the gallery 
work. In the Museum valuable field 
work has been undertaken inchiding natural history 
investigations in twelve outlying islands in Cook 
Strait and the recording of Maori occupation 
in the Wellington District An impressive list of 
publications by the staff is an indication of the value 
of research as one of the functions of a museum 


section some 


sites 


Coronary Artery cf the Portuguese East African 


MyocarptaL infarction is generally recognized to 
he the consequence of thrombosis in a 
coronary artery While 
promote thrombosis, the 
thrombosis and coronary disease has led to the view 
that perhaps an understanding of the factors pro 
artery may assist im 


diseased 
arteries 
association of 


not all diseased 


frequent 


moting disease of the coronary 
preventing the high imeidence ot myocardial infare 
tion in the Western world. In searching for wtio- 
logical factors, attention has been focused largely on 
the age group in which coronary is most 
likely to declare itself clinically. Equally mportant, 
but less well known, is the observation that the 
coronary artery Is UnIque that regressive 
changes are initiated early in life, and even within a 
Some of these regressive changes, 
similar to those 


sclerosis, 


disease 


month after birth. 
if accentuated, are unmistakably 
which have been described im advanced 
with and without atherosis of the coronary artery 

During the past twenty-four years, several reports 
have directed attention to the rarity of coronary 
thrombosis in the indigenous peoples of different 
parts of Africa. While advanced coronary disease 
has been described in the African, it is believed 
that the disease is less common, milder im character 
and declares itself later than in the white races of 
Europe and the United States of America. In view 
of this marked difference in susceptibility to coronary 
artery disease of white people and Africans, and of 
the expressed opinion that the regressive changes 
occurring in the coronary artery soon after birth may 
be linked to the pathogenesis of coronary disease, 
Joseph Gillman, Christine Gilbert and Manuel D. 
Prates have considered it desirable to examine the 
coronary arteries at different periods of life of an 
African population in which coronary artery disease 
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is known to be uncommon (S. Afr. J. Med. Sci., 25, 
Nos. 2 and 3; September 1960). They have en- 
deavoured to record: (1) the histological reactions 
observed in the coronary arteries @t SUCCEeSSIVe age 
periods from birth to more than sixty years in the 
Portuguese East African in Lourengo Marques ; 
(2) to type the reactions in a way which will make 
future comparison between these and reactions in 
the coronary arteries of peoples elsewhere in the 
world; and (3) to assess the significance of these 
reactions for the development of severe coronary 
artery disease and thrombosis. 


Distribution of British Reptiles and Amphibians 


A paPrEerR by R. H. R. Taylor on the distribution of 
Reptiles and Amphibians in the British Isles was 
first published in the British Journal of Herpetology 
in June 1948 (1, No. 1). In this paper, a complete 
record of the occurrence of the different species in the 
British Isles and Channel Isles was presented. It is 
proposed to re-write the paper and include records 
up to the end of 1960. To obtain a complete and 
accurate picture of the present distribution, up-to- 
date records from all areas are required. For 40 or 
50 years there have been no published records of even 
the commonest species from a number of vice- 
counties. Lieut.-Colonel Taylor is anxious to obtain 
information about the following Anguis 
fragilis (slow worm); Lacerta vivipara (viviparous 
lizard); Lacerta agilis (sand lizard); Coronella 
austriaca (smooth snake); Vipera berus (viper or 
adder); Natrix natrix (grass or ringed snake) ; 
Triturus helveticus (palmate newt) ; Triturus cristatus 

warty newt); Triturus vulgaris 
Bufo calamita (natterjack); Bufo 
bufo (common toad); Rana temporaria (common 
frog); Rana ridibunda (marsh frog); and Rana 
esculenta (edible frog). The records should show the 
year the species were observed and the locality. Any 
data should be sent to Lieut.-Colonel R. H. R. 
Taylor, The Studio, Belchamp St. Paul, Sudbury, 
Norfolk. 


Species : 


(great crested or 
(smooth newt) ; 


Dependence of Photosynthesis on Temperature in 

Higher Plants 

IN a paper entitled “Studies of Climatie Ecotypes 
in Higher Plants: the Temperature Dependence of 
Apparent Photosynthesis in Different Populations of 
Solidago virgaurea”’, O. Bjorkman, C. Florell and P. 
Holmgren (Kungl. Lantbruckshigqskolans Annaler, 26, 
1; 1960) present results of a study of the temperature 
dependence of apparent assimilation in plants from 
different populations. Clonal material was obtained 
from different climatic zones, ranging from Skane in 
south Sweden to Finmark in north Norway, and grown 
in a phytotron in chambers maintained at three 
different climates (alpine, continental and maritime). 
The climates reproduced in the chambers were based 
on 20-year meteorological records. Some populations 
were also grown under constant day and night tempera- 
tures (18° C. and 8° C. respectively) with a photo- 
period of 18 hr. The apparent photosynthesis of 
intact plants was measured. The ecotypes were 
found to vary in chlorophyll content, but these 
differences were not correlated with values of apparent 
photosynthesis. The optimum temperature for 
photosynthesis of plants from a maritime habitat in 
south Sweden was 20° C., irrespective of the climate 
in which they were grown. Plants from an alpine 
region in north Norway, on the other hand, with a 
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few exceptions, had an optimum temperature of 16°C. 
in all three climates. By contrast plants from an 
inlJand region of central Sweden were more variable. 
The results show a good correlation with the tempera- 
ture conditions during the growing season of the 
three localities, and there appears to be a physio- 
logical adaptation to the temperature conditions 
which is under genetical control. With plants grown 
under constant day and night conditions some 
differences were found, but not as obvious as those in 
the climate series. 


Synoptic Auroral Maps 

At the Antarctic Division of the Department of 
External Affairs, Melbourne, Major F. RK. Bond and 
Dr. F. Jacka have undertaken the compilation of 
synoptic maps showing, at quarter hourly intervals, 
the plan position of auroras observed in tho southern 
hemisphere during the International Geophysical 
Year. So far, only the data from Australia and the 
antarctic stations of Australia, France, Belgium and 
New Zealand have been plotted. With such maps it 
has been possible to make an estimate of the location 
of the isoaurore of maximum frequency of occurrence 
of auroras (Aust. J. Phys., 13, 610; 1960), and to 
make a general study of the development of auroral 
displays and associated magnetic disturbance on the 
equatorwards side of the auroral zone (Aust. J. Phys., 
13, 477; 1960). But on some occasions of intense 
magnotic disturbance (Kp = 8 or 9) the aurora, for 
many hours, takes the form of an extonsive red 
‘diffuse surface’ over polar-cap stations. At present 
the synoptic maps are not complete enough to estab- 
lish the extent of these ‘surfaces’ nor are any measure- 
ments of their height available. However, it is 
thought that on these occasions the electric current 
which gives rise to magnetic disturbance is in the 
nature of a continuous sheet rather than of filamentary 
structure as seems usual (Aust. J. Phys., 14; March 
1961). G. Weill and Mile. S. Huille, of France, and 
Mile. P. Doyen, of Belgium, have co-operated with 
Messrs. Bond and Jacka in the task of compiling these 
maps, and the co-operation is now invited of other 
workers concerned with the study of southern 
hemisphere auroral data. 


Engineering Aspects of Lubrication 
Tue Inperial College of Science and Technology is 
organizing a short postgraduate full-time course on 


“Engineering Aspects of Lubrication’ during May 
1-19. This will be an intensive course covering the 
subject from the engineering aspect, including theories 
of fluid film, thin-film lubrication, wear of lubricants, 
lubricating materials, the properties of natural and 
synthetic oils, ete. The number of participants for 
the course will be limited to thirty-two and the fee 
will be 25 guineas. Further information can be 
obtained from the Registrar, Imperial College of 
Science and Technology, London, S.W.7. 


The British 
Congress 
THE annual congress and exhibition of the British 

Institute of Radiology is to be held jointly at the 

Central Hall and Church House, Westminster, 

London, W.C.1, during April 26-28. A number 

of symposia are to be included in the programme : 

“Localization using Physical Devices, Radioisotopes 

and Radiographic Methods” (April 26, at the Central 

Hall): ‘The Age Factor in the Susceptibility of 
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Man and Animals to Radiation” and ‘Planning 
of New Radiotherapy Departments’? (April 27, at 
the Central Hall); ‘Planning of New Diagnostic 
Departments” and ‘Radiological Assessment of 
Bone Density” (April 27, at Church House) ; “Recent 
Developments in Linear Accelerators for Therapy” 
(April 28, at the Central Hall) ; “Industrial Develop- 
ments in Diagnostic Equipment” (April 28, at 
Church House). The Silvanus Thompson Memorial 
Leeture will be given by Sir Bernard Lovell on 
“The Condition of Outer Space”, at the Central 
Hall on the evening of April 26. Two exhibitions 
are also being arranged, one at the Central Hall and 
the other in the Hoare Memorial Hall, Church 
House. Further information can be obtained from 
the General Secretary, British Institute of Radiology, 
32 Welbeck Street, London, W.1. 


The Night Sky in March 


FULL moon oceurs on Mar. 2d. 
and new moon on Mar. 16d. 18h. 51m. The following 
conjunctions with the Moon take place: Mar. Id. 
Ith., Regulus 1° N.; Mar. 12d. 20h., Saturn 3° S. ; 
Mar. 13d. 00h., Jupiter 3° S.: Mar. 22d. O4h., 
Aldebaran 0-2° S.; Mar. 24d. 18h., Mars 7° N.; 
Mar. 28d. 2th., Regulus 1° N. There will be a partial 
eclipse of the Moon on March 2, invisible at Green- 
wich. Mercury is too close to the Sun for observation. 
Venus is an evening star, favourably placed for 
observation. Venus sets at 20h. 50m., 21h. 35m. 
and 20h. 30m. on March 1, 15 and 31, respectively, 
about four hours after the Sun at the beginning of 
the month. Venus attains its greatest brilliancy 
on March 5, when its stellar magnitude is —4-3. 
During the month its distance from the Earth 
decreases from 44 to 27 million miles and the visible 
portion of the apparent disk from 0-315 to 0-045. 
Mars sets at 4h. 20m., 3h. 40m. and 2h. 55m. at 
the beginning, middle and end of the month, 
respectively. Mars is conveniently situated for 
observation. It is at a distance of 104 million miles 
from the Earth on March 15, when its stellar 
magnitude 18 0-6. Jupiter and Saturn are too 
close to the Sun for easy observation. Occultations 
of stars brighter than magnitude 6 are as follows, 
observations being made at Greenwich: Mar. 21d. 
2th. 11-5m., y Tau. (D): Mar. 29d. 23h. 45-5m., 
59 Leo. (D). D refers to disappearance. The spring 
equinox occurs on Mar, 20d. 2th. 


13h. 35m. 


Announcements 

Lorp JAMES oF RuSHOLME, High Master of Man- 
chester Grammar School since 1945, has been 
appointed as the first Vice-Chancellor of the Universit y 
of York; he is expected to take up his duties early 
in 1962. Lord James, who is @ science graduate of 
Oxford, was a member of the University Grants 
Committee during 1949-59. 

Dr. CueristorHerR E. BARTHEL, jun., assistant 
direetor of the Armour Research Foundation of the 
Illinois Institute of Technology, has been appointed 
to the Office of Special International Programmes 
of the National Science Foundation, Washington, 
where he will be programme director for foreign 
science activities. 

Mr. R. P. Newman has been appointed head of 
the Members’ Service Department of the British 
Welding Research Association in succession to Mr. 
. H. R. Lane, who has been appointed director of 
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research of the Drop Forging Research Association. 
Mr. T. R. Gurney will sueceed Mr. Newman in 
charge of fatigue researches at the British Welding 
Research Association. 

Dr. C. G. Hunter, formerly professor of physio- 
logical hygiene, School of Hygiene, and associate 
professor, Banting and Best Department of Medical 
Research, University of Toronto, has been appointed 
director of the Tunstall Laboratory, near Sitting- 
bourne, Kent, recently opened by ‘Shell’ Research. 
The laboratory will be concerned with the possible 
and other vertebrates of contact 


effects on man 


with products being developed by the Royal Dutch/ 
Shell Group of Companies, and has four divisions, 
dealing with pathology and pharmacology, physio- 
logy, chemistry and biochemistry, respectively. 


THE Ninth German Plastics Convention is to be 
held in Berlin during April 12-14. Further informa- 
tion can be obtained from the Arbeitsgemeinschaft. 
Deutsche  Kunststoff-Industrie, Karlstrasse 21, 
Frankfurt am Main. 


THE Plant Phenolics Group is holding a meeting 
on “The Importance of Plant Phenolics in Industry”’ 
at Cambridge during April 10-12. Further infor- 
mation can be obtained from the Honorary Secretary, 
Low Temperature Research Station, Downing Street, 
Cambridge. 

THE West German Starch Research Station, 
Detmold, is organizing an international conference 
on “Starch’’ at the Cereal Research Association, 
Detmold, during April 26-28. Further information 
can be obtained from W. Kempf, Cereal Research 
Station, P.O. Box 23, Detmold, West Germany. 


THE National Vegetable Research Station Asso- 
ciation is holding a members’ day on March 1. The 
subject of the day’s programme will be “Soil Physical 
Conditions affecting Plant Growth”. Further 
information can be obtained from Mr. G. Lesson, 
National Vegetable Research Station, Wellesbourne, 
Warwick. 

THE annual conference, organized by the Stress 
Analysis Group of the Institute of Physies and 
Physical Society, will be held in the University of 
Southampton during April 24-27. The topic for the 
conference will be “The Mechanics of Rupture”. 
Particulars of the meeting can be obtained from 
Mr. L. Lawrence, Institute of Physics and Physical 
Society, 47 Belgrave Square, London, 8.W.1. 


Tue Easter congress of the Universities Federation 
for Animal Welfare is to be held at the University 
of Liverpool Veterinary Field Station, Leahurst, 
Neston, Wirral, Cheshire, during April 10-14. The 
programme will include lectures, discussions and 
visits connected with the Federation's work and with 
Inquiries should be sent 
7a Lamb’s Conduit 


animal welfare in general. 
to U.F.A.W. (Easter Congress). 
Passage, London, W.C.1. 

THE anniversary meeiing of the Chemical Society 
is to be held in Liverpool during April 11-14. The 
meeting will imelude two concurrent symposia, 
namely, “Developments in the Chemistry of Boron 
Compounds” and “Some Aspects of the Chemistry of 
Natural Products”, and also a number of visits. Tho 
meeting, other than the annual general meeting 
(April 13), will be open to the public. Further informa- 
tion can be obtained from the General Secretary, 
Chemical Society, Burlington House, London, W.1. 
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WESTERN DEPENDENCE ON OIL 


Britain’s dependence on oil 

has become “potentially dangerous to our 
national economy” is made by the 11,000 strong 
Association of Scientific Workers in a ‘policy state- 
ment’ in a new publication entitled A National Fuel 
and Power Policy* 

The recommendations in this statement are put 
forward in the form of a twelve-point plan that has 
as a main objective improved co-ordination and 
development of the national resources of fuel and 
The objectives are worthy ones, and are set 
sup 
means to be 


WARNING that 


power. 
out in an attractive manner with 
porting arguments, but some of the 
employed in the plan are open to question on the 


some sound 


grounds of practicability. 

The first point made is that the efficiency of the 
production of coal should continue to be improved 
with the view of making coal cheaper in real terms. 
For this purpose increased expenditure on scientific 
research is rightly regarded as necessary, but, in the 
subsequent recommendations, difficult and almost 
intangible problems are raised as to the maimtenance 
of markets over fixed periods, the subsidizing of 
specific uses of coal, the ‘firm basing’ of the generation 
of electricity on coal and back-pressure generation by 
industry and much additional planning. Several of 
the suggestions made for controlling the balance of 
fuels and the types of appliance installed embody a 
measure of compulsion either by legal requirements 
or by discriminatory taxation. There is nothing 
intrinsically against this, though it is clearly contrary 
to the present Government's policy. Attempts to 
control markets in the manner suggested are not 
necessarily in the national interest, nor do they 
actually work out in the manner intended in practice. 
The back pressure generation ot power im industry Is 
only economical if the individual circumstances of 
the case in point are favourable. Each set of cireum- 
stances becomes almost a law unto itself, and sweep- 
ing decisions as to their application in general cannot 
be made. 

As regards the recommendation for the formation 
of a National Coal Chemical Board, it is not clear 
what advantages would accrue from yet another 
national board in a relatively small field of activity. 

Concerning the needed improvements in research 
and development in the mining, utilization, and 
marketing of coal, controversy may well arise. Thus 
it is perhaps surprising to read that it may be neces- 
sary to abandon the conception of the British Coal 
Utilization Research Association as the National 
Coal Board's agent in the field of coal utilization, for 
it seems perfectly clear that the National Coal Board 
has always interpreted literally its remit under the 
Nationalization Act as “making supplies of coal 
available, of such qualities and sizes, in such quan- 
tities and at such prices, as may seem to them best 
calculated to further the public mterest in all 
respects in other words, utilization has not 
been the National Coal Board’s responsibility under 
the Act; in fact the support given to the British Coal 


* 4 National Fuel and Power Policy: a Policy Statement by the 
Association of Scientitie Workers, Pp. 20. (London Association of 
Scientific Workers. 15 Half Moon Street, W.1, 1960.) Is 


Utilization Research Association has been somewhat 
incidental. In point of fact this support has approx 
imated to £140,000 per annum since nationalization, 
the overall income of the British Coal Utilization Re- 
search Association in 1959 being £427,000. The Asso- 
ciation is thus operating on a much broader front 
than is implied in the statement of the Associa- 
tion of Scientific Workers. This research work covers 
contract work for the Atomic Energy Authority as 
well as that for the Ministry of Power. As regards 
the latter, the contract work on the slagging gasifier. 
as well as other features of the research programme, 
received commendation in the recent report of the 
Wilson Committee on Coal Derivatives. Further. 
the Association’s real potential for work in coal 
utilization on a broad front was given 
adequate financial support. 

It is not realized fully, perhaps, by the public that 
scientific work on the winning, preparation and use 
of coal requires an array of top-level scientists and 
technologists not yet even contemplated ; moreover, 
to attract such personnel to-day to an industry in 
distavour with the public mind will necessitate a 
radical change of approach. The expenditure on 
research by the National Coal Board. as given in the 
Wilson Report, was £2,427,300 in 1959, its turn- 
over, £850 million, that is, approximately 0-29 per 
cent. 

Cogent criticism is devoted to the world role of the 
oil industry, which is regarded as an mternational 
one dominated by a few large producers with price 
fixing arrangements “typical of a cartel” In 
Western Europe the price of oil and refined products 
has been below internationally arranged prices’, the 
statement declares, and this increasing dependence in 
Western European countries on oil has made them 
vulnerable to price increases which would “adversely 
affect our position in world markets since fuel costs 
are a significant part of production costs”. This 
may be true, but the question is not answered as to 
whether a manufacturer who finds the use of oil more 
economical than alternative fuels, mainly the deriva 
tives of coal, should hold off conversion of his plant 
to oil because of this possibility. It is, however, 
evident from the arguments put forward that the 
challenge of oil can mainly be met by a substantial 
increase in technological activity im respect of coal. 

A point of considerable interest is made as regards 
the inflexibility of the fuel oil/petrol ratio of refinery 
production in Britain. Thus Britain imports 73 per 
cent of its oil as crude oil, and this is refined so as to 
vield 27 per cent motor- and aviation-spirit, and 43 per 
cent fuel oil and other products such as paraffin. 
Refining could be adjusted, as in the United States, 
to yield 50 per cent of petrol and 17 per cent fuel oil. 
Such a change in refinery technique in Britain would 
result in British petrol requirements being met by half 
the present import of crude oil. Again, the trend 
towards oil is largely based on the comparison 
between modern oil-fired appliances and obsolete 
hand-fired coal-burning appliances. The advantages 
of oil-burning are certainly sometimes more apparent 
than real. What would be the position if a cheap 
industrial gas made by total gasification from coal 
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were made available ? The advocacy of this develop 
ment is strongly supported ; indeed a call is made for a 
higher priority in the pursuit of this subject. It ts 
believed, too, that industry would be bound to re- 


spond to its solution for manifold reasons. Taking the 
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long view, as regards the future of the eoal fields, 
this could well be an almost universal method for the 
utilization of coal, for it is the only foreseeable solu- 
tion at present of the sulphoer problem 


R. J. SARJANT 


BIOCHEMISTRY OF HUMAN TUMOURS 


URING November 17-19, an international con- 

ference on the biochemistry of human tumours 
was held at the University of Wisconsin, Madison. 
This meeting was sponsored by the Biochemistry 
Committee of the Cancer Chemotherapy National 
Center. National Cancer Institute, ULS 
Public Health Service, with the present writer serving 
as programme chairman. Those invited to attend 
included five scientists from Europe and _ fifty-five 
from the United States. Among these were patho 
clinical cancer chemotherapists, biochemists 
and biologists. The need for this conference arose 
from the conviction of members of the Biochemistry 
Committee, expressed in a guest editorial (James F. 
Holland and Charles Heidelberger, ‘Human Cancer, 
the Primary Target”’. Research, 20, 975-6; 
1960), that despite formidable technical difficulties, 
inereased biochemical research must be earried out 
on human tumours. This should include studies on 
the enzyme patterns of human tumours as compared 
with normal tissues, as well as research on the meta- 
bolism and mechanism of action of active tumour 
inhibitorv drugs in the human cancer patient and 
in vitro with specimens obtained at surgery or bv 


service 


logists, 


Cancer 


biopsy. 

The meeting was opened by James F. 
(Buffalo, U.S.A.), who pointed out 
major deticiencies in know ledge about human cancer. 
He directed attention to the variability of human 
tumours, even of the same kinds, with respect to 
growth-rates and patterns, and to their response to 
chemotherapeutic agents. Even though extensive 
work has been done on biochemical mechanisms of 
action of various antimetabolites in susceptible and 
resistant transplanted rodent tumours, similar work 
on human tumours is almost totally lacking. More- 
over, there is little information on enzyme activity in 
human tumours, and on the effects of tumours on 
host metabolism, as exemplified by terminal cachexia. 
Holland felt there is a particular need to develop new 
methods to measure the growth-rates of inaccessible 
and to measure of the amount of 
and contamination of tumour 
sper nnens. 

A brief review of human tumour pathology was 
given by Paul Kotin Los Angeles), who showed a 
number of slides to illustrate diversity even among 
similar types of human tumours. He made the point 
that there is little, if any, correlation between the 
histological appearance of tumours and the caremo 
genie stimuli that produced them. Therefore, he 
suggested that biochemical patterns reflecting essen 
tial consequences of the carcinogenic process might be 


of our 


tumours get a 


stromal necrotic 


studied more meaningfully in pre-neoplastic tissues, 
such as carcinomas in situ, rather than in the fully 
developed and highly diversified tumours. He also 
suggested that work be carried out to understand 
the differences in natural history between certain 


tumours in children and their counterparts im the 
adult. The morphological considerations were carried 
to another order of resolution by Francoise Haguenat 
microscopy of 
elegant 


(Paris), who discussed the electron 
human She demonstrated 
slides the diversity of human tumours with respect 
to the appearance of the eellular 
organelles, Furthermore, some cells that appeared 
similar in the light microscope were found to differ 
markedly in their ultramicroscopie morphology, and 
she was able to distinguish on this basis between the 


tumours. with 


submieroscopie 


and %-cells of Caspersson 

4. R. Curreri (Madison) discussed the surgeon’s 
role in the collection of surgical and 
emphasized the willingness of surgeons to collaborate 
in co-operative enterprises prov ided that the purpose 
of the research was made clear Much discussion 
followed, which summarized by Holland : 
“Know thy surgeon and love thy biochemist”’. 

A detailed discussion of the techniques that have 
been developed for low-temperature storage, with 
of viability, of cells grown in tissue 
The 


application of these methods to the storage of sec 


specimens, 


war 


maimtenance 
culture was given by Cyril Stulberg (Detroit) 
tions of human tumours, which would be essential 
in any proposed large-scale 
tumour enzymology, remains to be worked out. 
Because of the extreme heterogeneity of specimens 
it is clear that micro- and ultra 


co-operative studies of 


of human tumours, 
micro-methods are required in most cases In order to 
Accordingly, David 
(St. Louis) 


obtain meaningful information. 
Glick (Minneapolis) and Oliver Lowry 
diseussed in some detail the elegant and precise 
techniques that they have developed for the quantita 
tive assay of enzymes extracted from samples th: 
size of common histological sections and by micro 
dissection. These involved mainly colorimetric, 
spectrophotometric, and fluorimetric methods. An 
other technique for enzyme assays with very small 
samples was described by V. R. Potter (Madison). 
involving the labelled substrates of high 
specific activity, paper chromatography, and the use 
of automatic recording equipment for the direct 
determination on the paper strip of the radioactivity 
in the substrate and product. 

His extensive work on the amounts of some twent\ 
enzymes in 800 human tumours by various histolog 
eal staining methods was described by R. G. J 
Willighaghen (Levden). An enormous diversity of 
results wae found ; some enzymes were present in 
some tumours and absent in others from the same 
organ and of the same histological type. However, 
in some eases it has been possible to predict the 


use of 


clinical behaviour of tumours based on histochemical 
Using similar techniques, L. Watten 
berg (Minneapolis) reported that aminopeptidase, an 
enzyme not found in the normal gastric mucosa, 
occurs gastric malignancies, and in this 


observations. 
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metabolic feature resembles intestinal metaplasia of 
the stomach and also the mucosa of the small bowel. 

James Danielli (London) pointed out that no single 
variable has been found in tumours to serve as a 
Therefore it 
order to 


is necessary 
obtain 


basis to design new drugs 
to summate differences in 
He discussed his interesting research on 
the Walker carcinosarcoma with aromatic 
nitrogen mustards containing a urethan group. 
which require enzymatic cleavage by the tumour 
He was able to 


small 
res} 


256 rat 


be fore the mustard become Ss active. 
that feeding a chemotherapeutically 
inactive phenylurethan derivative to rats raised the 
level of the cleavage enzyme in the tumour, which 
resulted in a potentiation in chemotherapeutic 
effectiveness when the substituted mustard was given 
afterwards. This approach of inducing an enzyme 
in tumours that would liberate the active drug from 
a non-toxic precursor was discussed extensively. 
Henry Pitot (Madison) described his work (in 
collaboration with V. R. Potter) on the enzymatic 
constitution of # series of transplanted rat hepatomas 
as compared with that of normal and regenerating 
liver. A number of marked differences were found, 
and enzymological evidence was presented to suggest 
strongly that the Novikoff hepatoma arose from 
bile-duct cells, whereas the Dunning hepatoma arose 
from parenchymal liver cells. In the case of the 
Morris 5123 hepatoma no difference 


demonstrat ¢ 


qualitative 


between the tumour and liver was found in assays of 


some thirty different enzymes. However, several 
enzymes in liver that show marked variations in 
to substrate administration and dietary 
changes showed no such response in the 5123 hepa 
torna under similar conditions. This may indicate 
that some biochemical control mechanisms may be 
lacking in this tumour. 

A study, by conventional biochemical techniques, 
of about twelve enzymes and six analytical para- 
meters was reported for twenty-three human tumour 
specimens by George Boxer (Rahway, New Jersey). 
He stressed the diversity and heterogeneity of the 
samples as examined by various criteria and the 
necessity of standardizing rigorously the enzymatic 
assays and determining stability under the frozen 
storage conditions employed in this work. The 
difficulty of deciding the basis to which the enzyme 
activity should be referred (wet weight, protein, 
deoxyribonucleic acid, ete.) was discussed in some 
detail. He and several others have used an analysis 
for collagen as an indication of the amount of con- 
nective tissue contaminating the tumour samples. 
but this has not as yet proved satisfactory. 

C. de Duve (Louvain) discussed a strategic approach 
to chemotherapy by classifying the various enzymes 
that affect or are affected by a given drug. The target 
enzymes are acted on by the drug: a positive target 
would be the release or activation of enzymes that 
might kill cells, such as lysosomes ; a negative target 
would be an enzyme which if inhibited would result 
in cell death. Auxiliary enzymes were defined as 
those acting directly on the drug ; a positive auxiliary 
would convert the drug into a more active form: a 
negative auxiliary would detoxify the drug. It was 
agreed that this would be a useful way to consider 
mechanisms of drug action. de Duve also believed 
that it would be more useful to study a few enzymes 
very completely in human tumours than to carry 
out a superficial survey of the amounts of many 
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enzymes. 
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At this point there followed thirty-two brief 
presentations by the remainder of the participants 
in the conference. These ranged from the purely 
conceptual to the presentation of potentially useful 
techniques, and stressed work on the mechanism of 
action of various chemotherapeutic agents in human 
beings. An open discussion followed. 

The meeting was marked by a congenial spirit 
established among the participating pathologists, 
surgeons, clinicians, and biochemists that augured 
well for the future of this type of research, which 
requires close co-operation and mutual understanding 
among workers. The pall cast over the conference 
by the pathologists’ demonstration of the tremendous 
heterogeneity and diversity of human tumours was 
never completely dispelled, however, and the most 
urgent problem to be solved before productive work 
can be done is to develop quantitative methods to 
cope with this situation, so that meaningful criteria 
can be established. It was agreed that all work 
should be done under strict control. 
The majority of the participants felt, with some 
vigorous dissenters, that this work would have to be 
carried out on a small seale in order to produce 
meaningful results. Some expressed the view that 
overall metabolic studies in cellular systems, particu 
larly when dealing with mechanisms of drug action. 
might be more useful than enzyme assays, but all 
agreed that more work with human tumours was 
needed. 

On the day following the conference, a small 
meeting of some of the participants was held to discuss 
organization of research in this field. It was agreed 
that informal study groups would be set up among the 
participants of the conference to discuss, by corre- 
spondence and afterwards by informal meetings, three 
general areas considered to be of crucial importance 
at this time. The first will deal with the problem 
of the diversity and heterogeneity of human tumours 
and the development of suitable techniques and a 
basis for meaningful biochemical studies. The second 
will involve asking biochemists interested in the 
enzymology of tumours to make recommendations as 
to which enzymes would yield most fruitful results on 
investigation. The third will deal with the stimula- 
tion of additional research on mechanisms of drug 
action in human cancer patients and in vitro in 
surgical and biopsy specimens of human tumours. 
Initially these activities will be co-ordinated and 
sponsored by the Cancer Chemotherapy National 
Services Center. Investigators who wish to have 
additional information or wish to participate in this 
programme are invited to communicate with Dr. J. 
Leiter or Dr. S. Schepartz at that agency. 

The challenge of research with human tumours is 
one that is worthy of the interest, ingenuity, and 
participation by all scientists interested in cancer, 
working as individuals or as interdisciplinary teams. 
In order for this challenge to be met adequately a 
mobilization of scientific talent all over the world is 
required. The meeting recently held in Madison was 
a modest step in this direction. It is to be hoped that 
similar meetings may be held in other regions of the 
world, encouraged perhaps by some of the partici 
pants in this meeting. At some time in the near 
future, once some of the formidable technical prob- 
lems have been solved, it may be appropriate for 
agency such as Unesco to arrange for the 
exchange of information in this field at an international 
level. CHARLES HEIDELBERGER 
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HAZARDS OF RADIATION 


committee on radiological hazards to 

| patients, with Lord Adrian as chairman, has now 
published its second report*. The first, an interim 
report dealing only with mass miniature radiography, 
was issued in 1956 and has been reviewed previously 
(Nature, 178, 453; 1956). The present report is 
devoted to considerations of the long-term genetic 
hazard to the population as a whole arising from the 
average radiation-dose received by the population in 
excess of that from natural sources. The statistical 
nature of the investigation and of its results is 
stressed ; although doubling the average dose of 
3r. to the gonads during reproductive life might give 
reason for concern from a genetical point of view, a 
gonad-dose of 6 r. received by a single individual is 
not likely to cause abnormalities in the immediate 
progeny. 

The conclusions of the committee are based on two 
nation-wide surveys. During one week in May 1957, a 
survey was made in Britain of the mumbers and types 
of X-ray examinations carried out, of the number of 
films used, and of the apparatus available in all 
National Health Service hospitals and chest clinics, 
in dental surgeries and in a few other institutions. 
Including fluoroscopic examinations, this survey 
covered a total of 259,457 radiological examinations. 
The second survey, during one week in December 
1957, was made in a random selection of about one 
quarter of the National Health Service hospitals and 
chest clinies, and totalled 55,065 radiological examina- 
tions. These surveys were supplemented by physical 
measurements (totalling about 14,000) of the radia- 
tion-dose received by patients undergoing different 
types of radiological procedures in a representative 
sample of 130 hospitals and chest clinics. 

When account is taken of seasonal differences in the 
frequency of examinations, the data from both 
surveys agree in indicating a total of 13-0 million 
radiological examinations during 1957. This is 
somewhat more than the corresponding figure of 
12-2 million used in the Medical Research Council's 
first report. In large part this may be due to the 
much more restricted sample that was available for 
the earlier estimate. More important, and possibly 
an indication that the recommendations of 1956 had 


* Medical Research Council. The Hazards to Man of Nuclear and 
illied Radiations—.a Second Report to the Medical Research Council. 
(Cmnd, 1225.) Pp. vii+ 154. (London: H.M, Stationery Office, 1960_) 


already influenced radiological practice in 1957, was a 
difference in age distribution of patients examined in 
the two reports. While in 1956 it had been estimated 
that 31-9 per cent of all examinations had been given 
to the age group 0-14, and 25-9 per cent to the over- 
fifty age group, the corresponding figures in 1957 
were 13-5 and 34:4 per cent. From a genetical point 
of view, this is a desirable development ; for the 
potential effect of a given dose on future generations 
is greater in a young person having a high expectancy 
of parenthood than in an older person. In fact, the 
calculations of genetical hazards in the present report 
make use of fertility factors giving the average child 
expectancy at each age for arriving at the “genetic 
dose to the population”’. By this is meant the gonad 

dose which, if given to every member of the popula 

tion, would have the same effect as the sum of the 
individual doses actually received. 

The results of the surveys are expressed as mr. 
(milliroentgens) annual genetic dose per head of the 
population. All medical radiology in 1957/58, both 
diagnostic and therapeutic, resulted in a genetic dose 
of 19-3 mr. This is less than the figure for diagnostic 
radiology alone (22 mr.) in the Medical Research 
Council's report of 1956. The main contributions to 
the total of 19-3 mr. are: diagnostic radiology 
14-1 mr., radiotherapy of non-malignant conditions 
4-5 mr., radiotherapy of malignant conditions 0-5 mr. ; 
minor contributions are made by medical uses of 
radioactive isotopes (0-18 mr.), mass miniature 
raliography (0-01 mr.) and dental radiography 
(0-01 mr.). The dose to the gonads from any X-ray 
examination is small in comparison with that con- 
sidered by the Medical Research Council to be 
acceptable to the individual without causing undue 
concern on behalf of himself or his offspring. The 
committee therefore concludes that there is no need 
for major restrictions in radiological practice, and 
that the number and types of examinations or 
treatments must be dictated by the clinical needs of 
the patient. Nevertheless, it considers that, when. 
ever possible, the gonad-dose should be reduced even 
further, and it gives detailed recommendations how 
this can be done, especially in the case of pregnant 
women. It is satisfied that, if these recommenda 
tions are followed, the total annual genetic dose to the 
population from all forms of medical radiology can be 
reduced to a figure of 6 mr. or less. C. AUERBACH 


PHYSIOLOGY OF SUGAR-CANE 


L. BIELESKI (Au stralian J. Biol. Sci., 13, 203; 
Re 1960) has found that the sugar uptake by sugar- 
cano storage tissue takes place in two stages. In 
experiments in which slices of mature and immature 
storage tissue were used, the initial uptake reached an 
equilibrium within 1 hr., the level being proportional 


to the external sugar concentration: it was inde- 
pendent of the sugar, and was unaffected by anaerobic 
conditions. When the tissue was placed in water, this 
sugar diffused out rapidly, that is, it was contained 
in the apparent free space, 10-20 per cont of the tissue 


The secondary uptake continued up to 
5 mgm./gm./day, 


volume. 
60 hr. at a slow, constant rate, | 
independent of sugar concentration above 2-0 per 
cent, dependent on the sugar, and inhibited by anaer 
obie conditions. ‘This sugar did not diffuse out when 
the tissue was placed in water. The secondary uptake 
thus appears to involve an active accumulation process. 
The sucrose content of the tissue increased during 
accumulation, which occurred against a 10- to 200-fold 
concentration gradient. There was no starch synthe- 
sis, but accumulation was associated with a 30-40 per 
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cent mecrease in respiration. Sucrose was not hydro 
lysed prior to accumulation, and when slices accumu- 
lated sugar from a mixed solution, sucrose uptake 
inhibited glucose uptake. Internodes which were 
most active in storing sugar in the field gave the most 
accumulating preparations in laboratory 


actively 
Mature tissue slices showed little or 


experiments. 
no ability to accumulate sugars 

In further work on the effects of inhibitors on 
accumulation, the author (/4id.. p. 221) 
various metabolic inhibitors, at pH 5-5, 
affect sugar accumulation in immature sugar-cane 
storage The rate of accumulation was 
reduced by 10-° mereuriec ion, 10-° p-chloro 
mercuribenzoate, cyanide, and cupric ion, and 2 
10-* M phloridzin. Accumulation was completely 
inhibited sugar leakage induced by 10 M 


sugar has 


noted that 


tissues 


and 
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dinitrophenol, M 
p-chloromercuribenzoate, evanide, cupric ion, azide. 
arsenate, and iodoacetate. The effects of La> M 
dinitrophenol and 10-* eyanide were reversible. 
but that of 10-3 M cyanide was irreversible. Only 
slight effects were produced by borate, phosphate and 
magnesium ions. The behaviour of sugar-cane suger 
accumulation towards inhibitors is apparently similar 
to that of other transport mechanisms, being some 
what more sensitive than most plant processes and 
so than animal ones. It differed from sugar 
accumulation in animal tissues in showing no specific 
sensitivity to phloridzin. The results that 
sugars are contained within the insmature storage cell 
by the continuous operation of a metabolic storage 
mechanism rather than by an impenetrable barrier to 
sugar diffusion 


merenuric bon, and 


less 


sugyest 


VIRUSES AND PLANT DISEASES 


"oo investigations of Dr. L. O. Kunkel into the 

relationships between viruses and plant diseases 
are described in the Rockefeller Institute Quarterly (4, 
No. 2: Summer, 1960) 

Kunkel discovered that the aster vellows disease 
is carried by a leafhopper and is caused by one of the 
few viruses that is equally at home in hosts of the 
plant and animal worlds. First, he observed that 
during the hot summer months the aster yellows 
disease diminishes in plants, and showed that the 
causative virus is sensitive to heat. Dr. Kunkel was 
able to cure infected plants of several virus diseases 
by growing them at temperatures which destroyed 
the virus without destroying the plants. Peach vellows 
is one of the diseases which responded to heat 
treatment. The heat-treatment technique also 
enabled Dr. Kunkel to deduce that the aster vellows 
virus multiplies in its leafhopper carrier as well as in 
the plant it infects. To do this, he subjected the 
insects to heat and noted how they regained their 
infectivity. He concluded that the virus must 
multiply in the insects, reaching a level of maximum 
infectivity in about two weeks. Direct evidence for 
this was found by L. M. Black, using a technique 
developed in Africa by the English scientist, H. H. 
Storey, to inoculate minute leafhoppers with measured 
amounts of virus 

Secondly, in his work on the transmission of yellows 


viruses, Dr. Kunkel discovered two related strains of 


aster yellows virus, each of which will protect plants 
against infection by the other, a phenomenon known 


as cross-protection. He also found cross-protection 
between viruses in the leafhoppers as well. Dr. Karl 
Maramorosch, who began work at the Institute with 
Dr. Kunkel, has continued his studies of plant viruses 
He confirmed the complex relationships existing 
between two strains of the corn stunt virus and the 
leafhopper that transmits them from plant to plant. 
Of the two strains of the virus, plants infected by one 
are protected against infection by the other, but the 
second will not protect a plant against the first 
Similarly, infection of a leafhopper by the first will 
prevent it from becoming infected afterwards with 
and transmitting the second. In the insect also, the 
second virus strain will not protect against the first 
These findings regarding corn stunt virus confirmed 
Kunkel’s discovery that two related strains of aster 
yellows virus would protect leafhoppers against each 
other, but Dr. Maramorosch was the first to find 
unilateral protection. 

Maramorosch has found that 
which normally feeds on corn can live on aster plants 
only if the asters are infected with the aster vellows 
virus. After they feed on diseased asters, the corn 
leafhoppers are then able to survive on uninfected 
aster plants. They are then also able to survive on 
healthy carrot plants, which they could not do before 
their diet of diseased aster plants. It would appear 
that the virus infection may actually benefit the 
insect by widening its potential food plants. Thy 
explanation of these phenomena is not yet clear, but 
Dr. Maramorosch is pursuing his investigations 
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DISTILLATION OF ALKALI ELEMENTS DURING FORMATION 
OF AUSTRALITE FLANGES 


By Dr. S. R. TAYLOR* 


Department of Geochemistry, University of Cape Town 


FRECHE flanved australites (Figs. 1 and 2) are the 
most distinctive members of this well preserved 
The common australite forms are 


group of tektites. 
round (buttons and 


distinguished by Fenner' as 


* Now at Department of Geophysics, Australian National University 
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and dumbbells 
round, oval or dumb- 
com- 


(ovals, boats canoes), 
and teardrops. ‘Cores’ may b« 
bell shapes. The flanges, which 
monly on the round forms, but occasionally on the 
other types as well, display the often quoted evidence 
for two periods of melting of tektites. Sections 
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BACK OR 
FLOW POSTERIOR SURFACE 
LINES 
— 
FLANGE CORE OR BODY NY 
FLOW 
RIDGES 
FRONT OR 
ANTERIOR SURFACE 
rig. 1. Typical flanged australite (after Baker‘). The dashed 


lines indicate portions analysed 


indicate that the material forming the flanges has 
melted at the anterior surface (Fig. 1) and has flowed 
back to form the flange around the unmelted core. 
The tlow-lines are clearly shown in the figure by 
Fenner® and in the striking photographs by Fenner* 
and Baker. This evidence. together with such 
features as ‘flow ridges’ seen on the anterior surfaces, 
has been interpreted by most workers, as being due 
to high-speed (‘ultra-supersonie’) flight through the 
atmosphere, or to the passage of a blast of hot gas 
Fenner? and Baker® have been 
common forms of australites to 


over the tektites. 
able to relate the 
such a sculpturing process. 

The evidence for an origin of the flanges during a 
second period of melting, although strong. is not 
universally accepted. Thus Hawkins*, in discussing 
a proposed origin of tektites through fusion of sandy 
clays by lightning, states that: “It is perhaps 
possible for the buttons with flanges, dumbbells 
and other shapes to be formed by fusion within the 
eround. It is not correct to assume that these shapes 
can only be produced by the melting of a tektite 
during supersonic passage through the air’. 

Forms bearing a general resemblance to flanged 
australites have been made by firing lead bullets 
against @ metal target. Baker® shows photographs 
of these, with well-developed flanges, and a central 
core. 

Very little is known about the relative composition 
of flanges and cores. Baker® has directed attention 
to the difference in specific gravity between flanges, 
which average 2-385 and body portions, with an 
average of 2-426, which suggests a higher silica 
content for tho flanges. Baker and Gaskin’ give 
separate analyses labelled australite glass (flange) and 
australite glass (core). The analyses do not show 
significant differences, except that ealeium oxide is 
lower in the core. No figures are given for sodium 
monoxide and potassium monoxide, which are listed 

If the flanges are due to heating and remelting due 
to passage through the atmosphere, then some 
selective loss of the more volatile components may 
he expected. From experience with the behaviour 
of elements during arcing of silicate powders in 
spectrographic analysis* as well as from data for the 


boiling points of oxides, losses of such ‘volatile’ 
elements as arsenic, mercury, cadmium, bistmuth, 
thallium, indium, silver, zine, tin, lead. copper, 


calcium, lithium, sodium, potassium, rubidium and 
cesium might be anticipated. 
potassium, which are major constituents, the abun- 


Loss of sodium and 
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dance and distribution of which in australites is 
reasonably well known, would be simplest to inter- 
pret. It is the purpose of this article to show that, 
m comparison with the core or body, the flanges 
contain significantly lower amounts of these two 
elements, and that there are strong indications that 
lithium, rubidium and cesium also follow. this 
pattern. 

Two imperfect specimens of flanged australites 
were available as well as a separate piece of flange. 
These are shown in Fig. 2. The number of specimens, 
though small, is sufficient to establish whether a 
significant difference exists between the composition 
of the core and the flange, and involves a minimum 
destruction of these interesting objects. 

The entire samples were first cleaned by boiling 
in 5 \ hydrochloric acid (analytical reagent) and 
washed in alkali-free distilled water. The projecting 
portions of the flanges were removed using a small 
chisel. The remaining portions of the flanges. as 
well as the anterior surface of the australites, were 
removed by grinding, leaving the central part of the 
core for analysis. The portions selected for analysis 
are shown in Fig. 1. The cleaning treatment was 
repeated, on the separated cores and flanges, before 
crushing in a steel mortar to pass 20-mesh nylon 
cloth, in a plastic sieve holder. A hand magnet was 
used to extract metal before grinding in an agate 
mortar to pass 120 mesh. 

Sodium and potassium were determined using an 
EEL flame photometer, under conditions identical 
with fully Taylor*. Natural 
silicate standard = granite 


those deseribed by 


such as the 


standards 


Fig. 2. _ Flanged australites from (4) Ch irlotte Waters, Central 
Australia, and (B) Mt. Elephant, Victoria. (C) Detached flange 
from Mt. Elephant, Victoria 
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ANALYTICAL DATA FOR CORES AND FLANGES OF AUSTRALITES 


| Sample per cent per cent p.p.m. p.p.m. | p.p.m. 
Locality No. sodium potassium =| lithium rubidium | cesium 
Charlotte Waters, A core O-89440-002) 1-860 +.0-004 47-4418 89-0432 2-91 +0-30 
Central Australia (625) flange 0-694 +0-001 | 1-705 0-002 | 2-64+0-36 
Mount Elephant B core 0-813 40-004 | 1-732 40-007 37-342°5 72-2437 | 1614010 
Victoria (1) flange 0-698 +0-003 | 1-633 0-003 35°740°8 68-8431 1-44+0°19 
| per cent difference 14:1 5-7 4°3 5-5 } 10-6 
Mount Elephant | c flange 0-635 +0 1-621 40-001 | 67-6413 1834021 
Victoria (10) | | | 
Average of three flanges 0-68 1-65 3 71 20 
Average values for 24 australites (ref. 9) 0-90 1°85 42 81 2°5 
2-3 76 14-5 


Overall analytical precision (C) (per cent) 


(G-1), diabase (W-1)'® U.S. Bureau of Standards soda 
feldspar (99), plastic clay (98) and the MIT standard 
biotite (B-3203) have been used and it is believed 
that systematic error is small. 

Lithium, rubidium and c#sium were determined 
by emission spectrography under conditions similar 
to those reported by Taylor’, for the determination of 
cesium. Kodak LL plates were used in place of LN, 
used previously, and Li 8126 was used in place of 
Li 6103. Results are given in Table 1. 

It can be seen that for the two samples where data 
are available for both core and flange, that the flange 
contains less of the alkali elements than the core. 
The percentage difference in composition is very much 
greater than the precision of the individual determ- 
inations for sodium and potassium, and these elements 
must be considered to be significantly lower in the 
flanges, compared with the cores. For lithium the 
flange of sample A is 10-5 per cent lower than the 
core ; for sample B, the difference is 4-0 per cent. 
Rubidium is 13-3 and 5-8 per cent lower, respectively, 
in these samples. The difference between core and 
flange is clear for these elerronts in sample A, and 
about equal to the precision for sample B. The 
analytical precision for c#sium is much less satis- 
factory, due principally to the necessity for corrections 
for background, with a high background to line ratio. 
The difference in cesium content between cores and 
flanges is less than the difference between replicate 
determinations. The overall precision of the analyti- 
cal methods expressed as relative deviation, C, and 
based on many determinations, is given in Table 1 
as well. It can be seen that the difference between 
core and flange is less than one relative deviation for 
lithium in sample B, and only about one-half the 
relative deviation for cesium in both samples A and 
B. In summary, the difference in composition is 
clear for sample A (except for caesium) and for sodium 
and potassium in sample B, but less clear for the rarer 
alkali elements in that sample. It is believed that 
greater precision in the spectrographic determinations 
would confirm the present indications of loss of these 
trace elements. 

Sample C consists of a flange only (the small 
portion of core which was removed prior to analysis, 
was insufficient for the determination of sodium 
and potassium). Only one published australite 
analysis'** has less potassium (1-04 per cent). No 
published analysis reports a lower amount of sodium, 
the minimum figure being 0-68 per cent sodium!. 
For comparison, the averages of the alkali elements in 
24 australites*’ are shown. This total includes the 
two cores given in the same table, but no flanges, 
and it can be seen that the figures given for the three 
flanges are substantially lower than these averages. 


Fenner*® and Baker‘ discuss the origin of australite 
flanges by ablation during high-speed flight through 
the atmosphere, and Baker® gives a graphic illustra- 
tion of this lively process. The loss of the more 
volatile elements during flange formation indicates 
that a process such as that envisaged by Baker and 
Fenner, in fact, occurred. No hypothesis of flange 
formation by flattening on impact, or by formation 
at the same time as the initial melting as required by 
Baldwin, will explain the difference in chemical 
composition. It is decisive evidence that the flanges 
are secondary features, due to a second period of 
melting, during which selective distillation of the 
alkali elements occurred. 

Several points of interest remain for investigation. 
High-speed flight of tektites through the atmosphere 
will result if they were formed during the comet 
explosion, as envisaged by Urey"’, so that the evidence 
presented here does not rule out a terrestrial origin. 
The velocity of flight through the atmosphere could be 
@ critical factor. If tektites are of extra-terrestrial 
origin, they must have entered the atmosphere at 
velocities in excess of 11-2 km. sec.-'. The rather 
delicate sculpturing of australites, as well as the 
selective loss of the alkali elements from the flanges, 
indicate less-severe conditions than those experienced 
by meteorites. Comparison with the selective distil 
lation of the alkali elements from powdered tektites 
in a d.c. are, at temperatures of 3,000-4,000° K. 
(ref. 8), indicates temperatures of a few thousands, 
rather than tens or hundreds of thousands of degrees, 
for the second period of melting of tektites. It is to 
be hoped that this aspect will be studied by physicists 
interested in re-entry problems. 

In conclusion, it should be noted that the average 
composition in major elements of tektites may be 
matched by that of a 3: 1 mixture of the non-volatile 
constituents of shale, and quartz™.’®. The trace 
element content of australites'* supports the composi- 
tion suggested above. It is possible that there is a gen- 
eral deficiency of the more volatile trace elements 
in tektites, compared with this parent material. 
Copper", gallium’? and possibly lead seem to be 
lower (by factors of one-half) than would be expected 
in such a quartz-shale mixture. Such losses would 
result from the initial melting process. 

The evidence from their chemical composition is 
strongly in favour of a terrestrial origin for tektites 
The external sculpture of australites, and selective 
loss of alkali elements during flange formation, point 
unequivocally to a second period of melting. The 
current enigma presented by the tektites is how to 
reconcile a terrestrial composition, an initial melting 
of short duration, and a second period of melting 
rationally explained by high-speed flight through the 
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atmosphere. Only the comet theory proposed by 
Urey'*® approaches an adequate explanation. 

I am indebted to Miss Maureen Sachs for the 
analytical determinations. The Director, South 
\ustralian Museum, Adelaide, provided sample A, 
and the Director, National Museum of Victoria, 
Melbourne, sent samples B and C. Without their 
generous €O-operation, this investigation would not 
have been possible. 
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PALAOMAGNETISM IN SOME EAST GREENLAND 
SEDIMENTARY ROCKS 


By D. E. T. BIDGOOCD and W. B. HARLAND 


Department of Geology, Sedgwick Museum, University of Cambridge 


Greenland in 
we 


URING a visit to Central East 
] 1957, on the invitation of Dr. Lauge Koch’, 
collected specimens of sedimentary rocks, with the 
view of examining their magnetism. This article 
summarizes the results from the late Pre-Cambrian 
(two horizons), from the Permian, and from the 
Middle and Upper Trias. Other rocks collected 
igneous rocks, late-Pre-Cambrian horizon, 
Devonian, Lower Carboniferous, ete.) require further 
investigation, some being unstable. All the results, 
with a full discussion, will be published in Meddelelse, 
m Gronland, with stratigraphical details and refer 
ences. 
Specimens were oriented in the field by rock com 
In the laboratory the rocks were re-oriented, 
and measured on the astatic magnetometer 
housed at the Department of Geodesy and Geophysics, 
Cambridge. For these facilities we are indebted to 
Mr. B.C. Browne and Dr. J. C. Belshé. Afterwards, a 
second magnetometer was constructed for this work 
in the Sedgwick Museum, Cambridge. From each 
rock one or more samples were measured, and when 
necessary the vectors combined by taking means of 
the direction cosines to give a single mean vector for 
each rock, this mean vector forming the basic unit. 
After correcting for the effects of dip, the mean 
vectors from all the rocks of a similar age were com- 
bined by taking the mean of the direction cosines, and 
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Explanation of columns : 

D, declination in degrees measured from true north 

ZT, inclination to the horizontal in degrees, positive downwards 
negative upwards. 

a, semi-angle of the cone of confidence drawn at 95 per cent proba 
bility-level 

x, estimate of precision, 

dz, dy, semi-axes of the ovals of contidence drawn at the 95 per cent 
probability-level. 


Fig. 1. Polar projection showing positions of magnetic poles 


derived from (1) Middle and Upper Trias (2) Permian; (3) 
rillite Formation; (4) Multicoloured series @. pole plotting 
in northern hemisphere ; O, pole plotting in southern hemisphere ; 
broken lines show ovals of confidence drawn at the 95 per cent 
level For comparison, the approximate path of north pole 
inferred from British rocks (thick line) and the path inferred from 
American rocks (thin line) are shown, after Creer et al. (ref. 5) 


a statistical estimate of the dispersion was made by 
Fisher's method. These group mean positions were 
then used to give the position of the magnetic pole’. 
The main computations were carried out on the Cam- 
bridge digital computor Edsac. 

Table 1 lists the group mean positions and pole 
positions; the latter are shown graphically in 
Fig. 1. 

(1) The Middle and Upper Trias rocks were sampled 
at Kapp Biot, where 44 specimens of flat-lying red 
sandstones and marlstones were collected. These 
were found to be strongly and uniformly magnetized, 
with eight of the rocks forming a reversed group 
directed upwards and to the south, whereas the 
remainder formed a normal group downwards and to 
the north. The two groups have been combined to 
give the group mean position. 
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(2) Ten flat-lying red sandstones of Permian age 
collected from the two well-separated areas of Gauss 
Halvé and Mesters Vig were strongly and uniformly 
magnetized to the south and upwards, forming a 
reversed group at a shallower angle than the Middle 
and Upper Trias. 

(3) The tillite formation of uppermost Pre 
Cambrian age was sampled on both limbs of an 
anticline on Ella O; many of the fifty-four rocks 
collected proved weakly magnetized to be 
measured, or had vectors close to the present tield 
Sixteen of these rocks have been combined to give 
the group mean, on the grounds that they show 
positive evidence of stability of magnetization by 
vector 


too 


the presence of reversals, low scattering of 
positions between rocks from the collect ing 
station, and by the use of the tectonic check provided 
by the anticline. The rocks are of varied lithology. 
ranging from red sandstones and tillites to grey and 
brown shales. 

(4) The multicoloured series (3,500 m. below basal 
Cambrian) form part of the Eleonore Bay Formation, 
which is a thick conformable passing 
upwards through the tillite formation into rocks 
of Cambrian age. Ten specimens of red mudstone 
were collected from two outcrops on the south side 
of Ruth ©, where the beds dip gently south-east. 
The vectors fall into a single well-defined group 
directed downward to the east. 

The polar stereographic projection (Fig. 1) shows 
the positions of the pole computed from the four sets 
of vectors. These pole positions fall into the same 
general area of the Pacifie Ocean and Asia as the pole 
positions obtained by other workers for rocks collected 
in North America and Europe, and the pole positions 
of the older rocks show the same tendency to approach 
the equator, apparently crossing it at a time between 


same 


sequence 
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the tillite formation and the Upper Eleonore Bay 
Formation. This is in agreement with results for 
rocks of similar age from Europe*, and wet have 
already discussed the implications of this equatorial 
position coinciding with a major glaciation. The 
pole positions for these Greenland rocks lie generally 
about 18° east of the general European trend, or 
about 30° east of the North American trend, which 
would be consistent with a post-Trias movement of 
Greenland away from North America. 

Taking into account this postulated movement 
between the continents and the similar movement 
that has been suggested between Europe and North 
America’, the pole positions derived from rocks of 
similar age from the three areas can be compared. 
In the post-Cambrian rocks there is some agreement, 
and if the comparison is extended into the Pre-Cam- 
brian, the pole position derived from the Greenland 
Upper Eleonore Bay rocks lies intermediate between 
the pole positions from the Cambrian and Upper 
Torridonian of Europe, and between the Cambrian 
and the late Pre-Cambrian positions from the Upper 
Keweenawan and Beltian of North America, which 
accords with the stratigraphic relationship of the 
Upper Eleonore Bay Series to the overlying Cambrian 
rocks. 

We wish to correct an error in quoting E. Irving's 
work. The second sentence in our recent communi- 
cationt should read ‘‘Paleomagnetic studies in Aus- 
tralia suggest that Permian Tillites were near the 
... pole”. 


’ Harland, W. B., Polar Record, 9, 558 (1959) 
* Bidgood, D. E. T., and Harland, W. B., Bull. Geol. Soc. Amer., 70, 
641 (1959) 
Creer, K. M., Phil. Trans. Roy. Soc., A, 250, 123 (1957). 
* Harland, W. B., and Bidgood, D. E. T., Nature, 184, 1860 (1959). 
Creer, K. M., et al., Phil. Trans. Roy. Soc., A, 250, 144 (1957). 


USE OF RADIOACTIVE NITROGEN IN STUDYING NITROGEN 
FIXATION IN BACTERIAL CELLS AND THEIR EXTRACTS 


By Dr. D. J. D. NICHOLAS* 


Chemical Microbiology Department, Long Ashton Research Station, University of Bristo! 


AND 


Dr. D. J. SILVESTER and Dr. J. F. FOWLER 


Medical Research Council Radiotherapeutic Research Unit, Hammersmith Hospital, London, W.!2 


r SHE stable ISOLOpe 
been 


of nitrogen (nitrogen-15) has 
successfully employed to follow 
fixation in soil bacteria, 
nodules of 


nitrogen 
blue-green algae and in root 
and non-legumes'. It has 
also been used recently to demonstrate the incorpo 
ration of nitrogen into cell-free extracts of Clostr/- 
Azotohacte blue 
green algae® and those of Chromatium’. Since the 
nitrogen-15 technique is time-consuming, some two 
days being required to complete an experiment from 
the initial exposure to the gas to the final analysis 
in & mass spectrometer, we have explored the pos 
sibility of using radioactive nitrogen (nitrogen-13, 
8+ 1-24 MeV half-life 10-05 min.) to study nitrogen 
fixation in cells and cell-free 


legumes 


dium vinelandii*.§, 


bacterial extracts 


® Member of the Scientific Staff of the Agricultural Research Council 


seconded to the University of Bristol 


prepared from them. We present here details of 
the technique used together with some of the pre- 
liminary 

Nitrogen-13 has been used previously in chemical*.® 
and biological studies'®. Carangal and Varner", 
after bombarding thin graphite targets with protons 
or deuterons in a evelotron, digested them im acid 
mixtures and prepared labelled nitrate, nitrite and 
ammonium compounds which were then supplied to 
excised plant Although these workers 
produced molecular nitrogen-13 by oxidizing labelled 
ammonia with sodium hypobromite, they did not 
report its use in biological nitrogen fixation. 

In our experiments, nitrogen-13 was produced 
continuously in the Medical Reseach Council's 
cyclotron by bombarding coarsely granulated char- 
coal, retained behind a steel mesh, with 


results. 


tissues. 


stainless 
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15-MeV. deuterons. The nitrogen-13 was swept 
from the target in a stream of pure argon through 
small-bore nylon tubing to the adjacent expert- 
mental laboratory, where it was passed through 
combustion tubes packed with copper at 750°C and 
then through Dreschel containing dilute 
ulphurie acid and alkaline sulphite to remove the 
last traces of ammonia and any oxides of nitrogen 
which might be present. The activity of the gas was 
continuously monitored and its half-life checked at 
intervals to confirm its identity. With a deuteron 
beam current of 40 vamp. and an argon flow-rate of 
0-5 litre/min., a nitrogen-13 activity of between 
30 and 60 me./litre was produced, contaminated 
with about 1 per cent of 1-8 hr. argon-41. For 
experiments with Azotobacter vinelandii straim) 
the gas was mixed, with the aid of rotameters, with 
10 per cent oxygen, which is essential for nitrogen 


vessels 


fixation in this organism. 

The biological samples contained in 50-ml. Erlen 
meyer flasks were exposed to nitrogen-13 by bleeding 
off a portion of the gas from the main line. The 
flasks, suspended from a shaker arm in a water bath 
at 30° C., had tightly fitting rubber bungs with inlet 
and outlet glass tubes for the gas. The inlet tube 
was drawn out to a fine jet which was just clear of 
the sample (usually 2 ml.) contained in each flask. 
Eight flasks were connected in series with sufficient 
polyvinyl chloride tubing to allow for a thorough 
reciprocating action (S80 oscillations per min.) to 
effect a good exchange between gas and sample 
The rate of flow of the gas into this line of flasks 
was controlled by a pinch-clip, and could be estimated 
by observing the rate of bubbling as the gas passed 
through a Dreschel bottle, containing water, at the 
end of the line. From this point, the gas rejoined 
the main line, and was swept into a large polythene 
container on the roof of the cyclotron building where 
it was allowed to decay before being discharged 
into the atmosphere. 

Azotohacter rinelandii (O 
12 hr. in. well-aerated nitrogen-free medium in 
3-litre Cell-free extracts of Acetobacter 
were prepared by disrupting about 0-2 gm. fresh weight 
harvested cells in 30-ml. aliquots of the culture 
medium (centrifuged at 144,000g to remove whole 
cells) with an ultrasonic titanium probe (M.S.E. Mullard 
ke. /see.) for 15 min. as described elsewhere*® The 
extracts were then centrifuged for 1 hr. either at 
25,000g or at 144,000g in an ultracentrifuge. 

Suitable aliquot parts of the supernatant solutions 
(containing about 0-2 mgm. nitrogen) left after 
centrifuging, were put in the Erlenmeyer fiasks 
alternating with boiled control samples and the gas 
mixtures containing nitrogen-13 were flushed through 
at a rate of about 0-1 litre/min. The samples were 
well agitated in the water-bath during this period 
After exposure of whole cells or their extracts to 
the tracer, ordinary nitrogen gas was flushed through 
for 5-10 min. to remove the dissolved active nitrogen 
gas from the The samples were then 
transferred into plastic counting tubes and assayed 
in a well-type scintillation counter. Each sample 
was counted for 30 sec. and the observed counting- 
rates were corrected for the dead-time of the counter 


strain) was grown for 


solutions. 


where appropriate, and for decay from a suitable 
standard time, usually taken as 10-15 min. after 
the end of the exposure. 

The results in 
gas composition and exposure time respectively on 
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Table 1, EFFECT OF COMPOSITION OF GAS ON THE UPTAKE OF 
NITROGEN-13 BY CELLS OF Azotobacter vinelandii (0 STRAIN) 
(Counts per sec. referred to a st undard time) 


teas mixtures as 
Cells boiled for 


reentages 
15 min. before 


Normal Cells 


cells 


exposure to treated with 
trace! M 


Argon containing Oxygen 
carrier-tree 


nitrogen-13 


approx. 30 me./litre; as flow-rate, 
time to radioactive gas mixtures, 


Activity of gas 
approx, litre/min 
10 min, 

Cells flushed with ordinary nitrogen gas for 10 min. after exposure 
to the tracer. 2 mil. cell suspension contaming 0-6 mgm. nitrogen 
were exposed to the tracer for 10 min and then either flushed with 
ordinary nitrogen gas for another 10 min, to remove the dissolved 
nitrogen-13 or else centrifuged at 3,000g and the sedimented cells 
well washed with 0-05 M bulfer(pH before assay 


miktures 
exposure 


Table 2. EFFECT OF TIME OF EXPOSURE TO TRACER ON THE UPTAKE 
op NITROGEN-13 BY CELLS OF Azotobacter vinelandii (0 STRAIN) 
(Counts per sec. referred to standard time) 


Cells treated 
with M 
KCN 


Cells boiled for 
Normal 15 min. betore 
cells 


rime ot 
exposure to the 


40 » Ww 
mo 40 
wwe 


Activity of gas mixture irgon-nitrogen-13 and 10 per 
cent oxygen), approx, 30 me litre: gas flow-rate, approx, litre/mon, 

2 mi. of cell suspension containing 0:5 mgm, nitrogen were ¢ xposed 
to the tracer and then flushed with ordinary nitrogen gas for 10 min 
to remove the dissolved gas 


per cent 


the uptake of nitrogen-13 by whole cells of Azoto- 
When the gas mixture contained only 2 per 
cent oxygenthere was a marked falling off in nitrogen 
uptake. The optimum incorporation of the tracer 
was achieved with 10 per cent oxygen, and this 
mixture was used in further experiments. <A sub- 
stantial uptake of nitrogen by cells was achieved by 
exposing the cell-suspensions to the gas for 10 min 
and this was not increased appreciably by longer 
exposure times. Similar results were obtained when 
cell-free extracts were used instead of whole cells. 
early experiments established that the 
solubility of the gas was sufficient to result in a 
substantial radioactive count in the boiled samples, 
were devised to eliminate the dissolved 
nitrogen. For whole cells, two methods proved 
effective. In the first procedure cells centrifuged 
at 3,000 9 for 10 min. were washed with 0-05 M phos- 
phate (pH 7-5) and then suspended in the buffer and 
radioassayed as described previously. In the second 
method, which also proved effective for cell free 
extracts, a suitable gas—nitrogen, oxygen or carbon 
dioxide—was flushed through the systern for 10 min. 
after the extracts had been exposed to the tracer. 
Results given in Table 3 show that the degassing 
procedure was quite effective in removing dissolved 
nitrogen-13 from cell-free extracts. Later expert- 
ments confirmed that passing nitrogen gas through 
for 5 min. was sufficient to remove all the dissolved 
nitrogen-13 gas from the extracts. 

The incorporation of nitrogen-13 cell-free 
extracts prepared by centrifuging disrupted cells 
for L hr. at 25,000qg or 144,000q was similar as shown 
in Table 3. It is of interest that the hydrogenase 
activity, determined by hydrogen uptake in a War 
burg apparatus with methylene-blue as the acceptor", 
was detected in particle-free extracts after 
centrifuging at 144,000g. During storage at 4°C 


bacter. 


Since 


methods 
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UPTAKE OF NITROGEN-13 BY CELL-FREE EXTRACTS OF 
izotobacter vinelandii (0 STRAIN) 
(Counts per sec. referred to a standard time) 


Table 3 


Extracts boiled for 

15 min. before 
exposure to 
nitrogen-13 


Normal 
Experiment extracts 


1. Supernatant solution prepared 


by centrifuging at 25,000g B4s 110 
2. Supernatant solution prepared 
by centrifuging at 144,000g 311 120 
3. Solution as in Exp. 2, flushed 
with oxygen for 10 min, alter 
exposure to the tracer for 
} 10 min 400 20 | 
4. Solution as in Exp. 2, flushed 
with carbon dioxide for 10 
min. after exposure to the | 
tracer for 10 min ) 10) 
Solution as in Exp. 2, flushed 
with nitrogen for 10 min. 
j after exposure to the tracer 
for 10 min. 200 10 


Activity of gas mixture (90 per cent argon-nitrogen-13 and 10 per 
cent oxygen), approx. 20 me./litre; gas flow-rate, approx. 0:1 litre/min 
exposure time to radioactive gas mixture, 10 min. 

Extracts containing approximately 0-15 mgm. nitrogen were flushed 
for 10 min. after exposure to the tracer, with either oxygen, carbon 
dioxide or nitrogen. There is no significant difference between the 
flushing efficiencies shown by Exps. 3, 4 and 5 compared with no- 
flushing in Exps. | and 2 


the particle-free extracts lost their capacity to fix 
nitrogen more readily than did those centrifuged 
at the lower speed. Cell-particles appear to be 
necessary for sustained incorporation of nitrogen-13. 
Labelled compounds can be detected in the Azoto- 
bacter extracts and some of them can be removed 
from the reaction mixtures into various traps. 
Work is now in progress to determine whether these 
«compounds are intermediates in the fixation process 
or whether they are formed during side reactions. 


N studying the interactions of nucleic acids, as 
| well as their genetic fate and function using the 
technique of cwsium chloride density gradient centri- 
fugation', it is desirable to prepare deoxyribonucleic 


acid (DNA) as well as ribonucleic acid (RNA) of 
high density by homogeneous labelling. Both '°N 
and “C™N have been used successfully for this 
purpose?®.*, Unfortunately, the substitution of 
5-bromouracil for the thymine in the DNA of 
bacteriophages, bacteria and tissue culture often 


results in an inhomogenous distribution of label in the 
DNA, causing it to form bands over a broad range 
of density'. 

Conditions have been ascertained that will allow 
organisms with simple growth requirements to grow 
on 99+ per heavy water (D,O) containing 
‘°NH,Cl as the sole source of nitrogen. More fast idi- 
ous organisms (tor example, Diplococe us preumoniwue ) 
can be grown on a complex medium generally used 
for the organism, replacing the water with heavy 


cent 


water. 


* Present address : (iraduate Department of Biochemistry, Brandeis 


University, Waltham, Massachusetts. 
+ Predoctoral Fellow of the National Science 


Foundation 
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Cultures of Azotobacter vinelandii (O) were kindly 
supplied by Dr. P. W. Wilson and Dr. R. H. Burris, 
Wisconsin University, Madison, U.S.A. Mr. G. R 
Newbury, formerly with the Medical Research 
Council Radiotherapeutic Research Unit, first pre 
pared nitrogen-13 by the technique described here. 
We acknowledge with thanks the valuable assistance 
of Mr. D. D. Vonberg and the cyclotron team, and 
the interest and encouragement of Dr. C. A. P. Wood. 
director of the Medical Research Council Radio 
therapeutic Research Unit, and of Prof. H. G. H 
Kearns, director of the University of Bristol Research 
Station, Long Ashton. We also thank Messrs. 
David Fisher, M. A. Wright, C. A. Fewson and 
M. A. Proctor, who assisted with certain aspects 
of the biochemical work, and Messrs. Buckingham 
and Forse, who assisted with the gas-processing 
apparatus. 
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J., and Wright, 


The D,O-"N medium employed is a modification 
of that used by G. 8S. Stent (personal communication) 
and consists of the following : 


Table 1 
CaCl,, 0-2 mgm. 
FeC],.6H,0, 0-2 mgm. 
Glycerol, 0:15 ml. 
60 per cent sodium lactate, 0-02 ml 
D, Of to make 100 mil, 


KCl, 150 mgm. 
“NH,CI*, 25 mgm. 
NaCl, 500 mem 
K,HPO,, 100 mgm 
Na,SO,, 5 mgm. 
MgCl, . 61,0, 10 mgm, 

* Obtained as 99 per cent excess nitrogen-15 from Isomet Corpora 
tion, Palisades Park, N.J. 

t D,O of 99°7 per cent purity was 
Co., California. 


obtained from Liquid Carboni 


Phenol red indicator is added, the pH is adjusted to 
7 with NaOD, and the solution is sterilized by filtra- 
tion. The addition of a small amount (20 ugm./ml.) of 
casein hydrolysate stimulates growth in heavy water if 
'°NH,Cl is to be omitted. 

Since the bacteria seem to take up water prefer- 
entially in the initial stages of growth, resulting in a 
bimodal distribution of DNA density, the following 
steps have been taken to avoid traces of water in the 
99 per cent D,O medium. The mixture (omitting the 
trace elements) is first dissolved in 10-25 ml. of heavy 
water and evaporated to 1 ml. Then heavy water 


ay 

fe 
iM 
fe 
| 


No. 4765 


February 25, 1961 


and trace elements are finally added to make 100 
Stock solutions should be prepared using heavy 
water as the solvent. Solutions should not be auto 
claved, because the medium will exchange with 
ordinary water to the extent of several per cent. 

Most organisms will grow very slowly, and some 
not at all, if suddenly exposed to high concentrations 
of heavy water. To overcome this difficulty, growth 
is initiated by inoculating about 10° cells into a small 
aliquot (about 1 ml.) of the heavy water medium to 
which a small quantity of sterile physiological saline 
(in ordinary water) has been added, so that the 
concentration of D,O is about 60-70 per cent. The 
cells are exposed to the normal conditions of tempera- 
ture and aeration and when the cell titre reaches 
about 10° per ml., fresh aliquots of the 99 per cent 
water medium are added periodically to 
replenish nutrients and neutralize the culture 
medium. Neutralization in the latter stages of 
growth is best accomplished by adding (with con 
comitant swirling) the same medium adjusted to 
pH 10 or 11. In some cases (for example, Bacillus 
subtilis) this gradual adjustment of pH is preferred, 
sinee, if the alkalinity accidentally reaches too high a 
level, cell lysis will oceur. Once the cells have been 
adapted to growing in 99+ per cent heavy water, 
they may be used in subsequent harvests by inoculat- 
ing directly into fully deuterated medium. Since the 
adaption of micro-organisms to heavy water is slow’, 
cultures should be checked periodically for con- 
tamination. 

The D,O-°N medium has been employed success- 
fully for the growth of Alcaligenes faecalis, Salmonella 
typhimurium, Pseudomonas aeruginosa, <Aerobacter 
aerogenes, Klebsiella pneumoniae, B. cereus, B. 
subtilis, Escherichia coli and Serratia marcescena,. 
D. pmeumoniae was grown in @ complex growth 
medium containing 99 per cent heavy water. Viable 
titres of 5 x 10° bacteria/ml. have been attained 
with most of these bacteria. DNA was isolated from 
the cells by the method of Marmur (unpublished 
work) in the presence of ordinary water containing 
reagents. The deuterated nitrogen-15 containing 
DNA is of high molecular weight (about 10 « 10° as 
estimated from the band-width in the cx#sium 
chloride gradient). In the case of Serratia marcescens 
DNA, it was found that the mid-point of the rise in 
absorbancy at 260 mu as a function of temperature 
was the same for the labelled and unlabelled samples 
in ordinary physiological saline, indicating that 
strand separation takes place at the same temperature 
for both. DNA isolated from wild-type B. subtilis 
grown in this medium exhibited the same activity in 
biological transformation as similar non-labelled 
DNA. The buoyant densities in cesium chloride of 
the DNA samples isolated thus far are listed in 
Table 2. 

It should be noted that the heavy DNA obtained 
showed a typically narrow distribution of bands in a 
cesium chloride density gradient when examined in 
the analytical ultracentrifuge. The variances of the 
heavy labelled and normal DNA bands agreed within 
20 per cent. This seems to be a considerable improve- 
ment over the 5-bromodeoxyuridine labeiling tech- 
nique, which usually results in heavy-labelled material 
producing @ band skewed in the direction of light 
density. In addition, with the deuteration technique, 
no visible amount of the non-labelled DNA or bands 
of intermediate density are found. Fractionation by 
exsium chloride preparative density gradient, which 


ml. 


heavy 
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ABSORBANCY 


1-709 | 
1-69) 


| 1-736} 


1-752 


| 
| 
| 
| 


— DENSITY 


Fig. 1. Ultra-violet absorption photograph and microdensitometer 
tracing of normal and various labelled samples of DNA isolated 
from &. coli B, Bands have been made in a cwsium chioride 
density gradient formed by centrifugation at 44,770 r.p.m 
The photograph is taken after 20 hr., at which time equilibrium 
has been established. In order of increasing density, there is 
DNA from Clostridium perfringens (often used as a standard im 
such work) and different samples of EH. coli DNA. The first is 
normal coli DNA, followed by nitrogen-15-labelled ; deuter- 
ated: both nitrogen-15 labelled and deuterated; and finally 

quickly cooled, nitrogen-15 labelled, deuterated DNA : 


has been reported in the work with 5-bromouracil 
containing DNA, is therefore unnecessary with 
deuterated DNA preparations. 

Fig. | shows a photograph and tracing of DNA 
bands in a cesium chloride density gradient. These 
illustrate some of the samples labelled with heavy 
isotopes that have been prepared from E. coli. 
In the deuterated DNA, all deuterium bound to 
carbon should not exchange with the hydrogen of 
the water of the physiological saline in which the 
DNA is isolated. The buoyant density of the DNA 
in ewsium chloride should thus remain exactly the 
same after a few months in this solution and even 
after extensive exposure to temperatures up to 
100° C. This has, in fact, been found, eliminating 
the possibility that slow exchange may take place 
after isolation of DNA. The quickly cooled, thermally 
denatured DNA is 0-015 gm.je.c. heavier than the 
native ™N-deuterated sample. This is the same 
increase as has been reported for unlabelled DNA 
(ref. 6). 

Table 3 lists the molecular weights of some of 
the monomer units in the c#sium salt of normal 
DNA and that labelled with heavy isotope. The 
densities calculated from the percentage increase in 
molecular weight due to labelling FE. coli DNA are 
1-724 gm./em.? for nitrogen-15 substitution and 1-745 
zm./em.* for both nitrogen-15 and deuterium subst i- 
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Table 2. BUOYANT Density OF LABELLED AND UNLABELLED DNA 
I 


DNA density (am 


N labelled D labelled ND labelled 


Organism Normal 

1 606 1714 
pre umoniar 1 700 

subtilis 1 703 1-751 
E.coli B 1-725 1-736 1-752 
* S. tuphimuriu: 
4. faecalia 1715 
*K. pneumoniar 1-716 1-25) 
* 1. aerogenes 717 1756 
marcescens 1-717 1-73 
aeruginosa 1 726 1-742 
*Cells grown in the medium containing 90-05 per cent D,O plus 


DNA determined directly on a 


“NH Cl and the density of the heavy 
other samples were on puritied 


whole-cell lysate. Determinations on 
DNA preparations 


tution. Since hydrogens bound to oxygen or nitrogen 
exchange rapidly with water during the isolation of 
DNA from the bacteria grown in the heavy water 
medium, the exchangeable hydrogens are not included 
in the increase of density. It is also assumed that 
there is no change in volume of the molecule on 
substitution of the heavy isotope. The predicted 
density shift for substitution of nitrogen-15 has been 
observed for the three samples listed in Table 2. 
Thus far, using the glycerol-lactate medium, it has 
not been possible to obtain 100 per cent deuterated 
DNA from E Work is now in progress with 
a medium containing completely deuterated acetate 
as the only source of carbon, in order to see whether 
the DNA isolated will have the theoretical maximum 


coli. 


density. 
The heavy-labelled DNA prepared by the procedure 
outlined here has been used extensively in physical 


of strand separation and recom 


stuclies 


chemical 


IBONUCLEOPROTEIN particles (‘ribosomes’) 
appear to form a major constituent of bacterial 
cytoplasm, and the early work of Schachman, Pardee 
and Stanier', using the ultracentrifuge, showed that 
ribosomes were responsible for two fast-moving 
boundaries (29S and 408) seen in schlieren diagrams. 
Tissiéres and Watson? worked with isolated prepara- 
tions and found the sedimentation coefficients of 
these particles to be 32S and 51S respectively when 
corrected to 20° C. and zero concentration, and we 
shall refer to them as the “30S (or 5OS) ribosomes’. 
tibosomes are also present in animal and plant 
tissues* and in yeast‘, and are generally believed to 
be a site of protein synthesis®; in animal tissues 
they are often attached to membranes, but in bac- 
teria they appear free in the cytoplasm. 
Analytical ultracentrifugation shows that 
somes isolated from plant and animal sources are 
larger than the 50S ribosomes of bacteria, although 
the latter can be made to combine with equal numbers 
of 30S ribosomes to form particles sedimenting at 


ribo- 


* Present address: Department of Biochemistry, University of 


Sheffield. 
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NATURE OF THE RIBOSOMES PRESENT IN BACTERIA AND 
YEAST: A RE-APPRAISAL 


By T. J. BOWEN, Dr. S. DAGLEY, Dr. J. SYKES* and Dr. D. G. WILD 


Department of Biochemistry, University of Leeds 


MOLECULAR WEIGHTS OF MONOMER UNITS OF DNA LABELLED 
wita Heavy 


Table 3. 


Adenine | Thymine ‘nanine Cytosine 

Haase 125 110 

N base 130 127 155 113 
Deuterated base 13s 130 154 114 
Deuterated bas 

exchangeable 

eriums 136 129 151 112 
Deoxyribose phos 

phate 178 178 178 178 
Deuterated deoxy 

ribose phosphate 185 185 185 185 
nucleotide 

(cwsium salt) 4150 435 466 $24 
Deuterated nucleotide 

exchangeable 
deuteriums 
salt) $54 447 $60 430 


and in the formation of ‘hybrid’ DNA 
molecules. Results of this work will be reported 
soon by C. L. Sehildkraut, J. Marmur and P. Doty. 
The procedure described can, of course, be adapted 
for other purposes, such as preparing ‘heavy’ whole 
cells, phage, proteins, RNA and other cell constituents. 

We are indebted to Prof. Paul Doty for numerous 
helpful discussions and constant encouragement. 
The advice and aid of Dr. D. M. Green are gratefully 
acknowledged. This investigation was supported by 
a research grant (C-2170) from the National Cancer 
Institute, National Institutes of Health. 
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ions 18 
Since 


70S when the concentration of magnesium 
raised and phosphate ions are excluded?. 
ribosomes isolated from other sources sediment at 
70-808, it seems to be generally assumed that inside 
bacteria there normally exist particles of this size 
with specific biochemical functions, and that they 
are liable to dissociate unless special precautions are 
taken. Accordingly, when cell-free extracts are 
prepared from disrupted bacteria for ultracentrifuge 
is usually the practice to extract 


examination, it 
propane-I : 3-diol 


with 2-amino-2-hydroxymethy! 
(tris) buffer containing magnesium acetate to ‘stabil 
ize’ the ribosomes. The fact is often ignored that 
70S ribosomes may be produced from smaller ones 
by the method of extraction: originally they may 
not have been present inside the intact cells. 

Three fundamental questions concerning ribosomes 
require attention. (1) Is the ribonucleoprotein of the 
living cell present as particles ? (2) If so, what are 
the sizes of bacterial ribosomes ? (3) Is some ribo- 
somal function dependent on size, so that a 70S 
ribosome plays a vital part in metabolism for which 
smaller ribosomes cannot be substituted ? As regards 
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that the 
mbosomes ium bacterial 
extracts are greatly affected by 
concentrations of certain salts in 
the from which the cells 


(3), it has been shown" 


sizes oft 


media 


are harvested prior to disruption 
Intracellular concentrations of 
normally metabolizing bacteria do 
not appear to be so regulated as 
intact the 70S ribo 
accordingly. particles of 
would not be essential for 
normal metabolism, although they 
when mtracellular 

favourable As 
Swedish  eleetron 

have produced 
that all the particles 
may be formed by precipitation 
of ribonucleoprotein during the Fig 
preparation of materials for exam 
Certainly, if the ribo 


the living cell 10 
rected 


to prese rve 
some: 


this size 


well exist 
are 


regards 1), 


eonditrons 


rosc opists? 


evidence 
(a) 


imation 
nucleoprotem im 


the RNA might be accessible and 
its function as a template in 
protein synthesis would be 
but any possible connexion between particle Size 

function would remain obscure 
investigations were undertaken to 


easier to visualize 
and metabolic 
The present 
answer question (2) 

Determinations of ribosomal are with 
two difficulties : first, the cells are usually disrupted 
im a medium that may cause immediate dissociation 
or aggregation: and second, the extract must be 
further diluted so as to be suitable for ultracentrifugal 


beset 


analvsis 
Hughes*. in which almost dry pastes may be dis- 
rupted, and have examined the whole crush, including 
debris, in a ceil of light-path of only 3 mm. which 
permits examination at a dilution of 1 part by weight 
of crushed cells to Ll part or less of water or buffer. 
The viscosity of such an extract, however, is so great 
that a particle cannot be identified from a single 
sedimentation coefficient thus the 50S ribosome 
may sediment at about 20S. We therefore determined 
sedimentation coefficients for the faster boundaries at 
a series of dilutions and plotted them against the 
protein concentrations of extracts (Fig. 1). The 
leading boundaries in Fig. 24 could then be shown to 


‘in (per cent biuret) 


Fig. | sedimentation coetticients (uncorrected) of the larger 

ribosomes in suspensions of disrupted cells of Esch. coli, Rates of 

sedimentation were measured at a series of dilutions in phosphate 
buffer (1-2 = 10>" M, pH 7) 


2. Schlieren diagrams 
(4) Protein concentration, 6 per cent 
boundaries, 21S and 
Photographed at 16 min. 
VW mignesium 
tation 


acetate 
coe ‘ficients in Svedberg units 
were not ‘rolled up’ into particles, in phosphate buffer (1-2 x lo-? M). L 
ribosomes 


We have employed the bacterial press of 
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sedimentation to the left centrifugal tleld 187,000g 
Sedimentation coefficients (uncorrected) of leading 
14°58 respectively these are due to 508 and 30S ribosomes 
(5) Protein concentration | per cent in tris buffer containing 

The numbers above the photograph (at 8 min.) give uncor 
(¢c) Protein concentration | per cent 
due to the 50S and 308 
8 min 


ading boundaries 
sediment at 43S and 27S, Photographed at 


be due to the 50S and 30S ribosomes, since these 
sedimentation were given by extra- 
polation to zero concentration. No boundary due to 
a ribosome sedimenting faster than this is seen in 
Fig. 2a, and this result was also obtained when other 
concentrated crushes of Esch. col/ and B&B. 
were examined. In two experiments a very small 
peak, possibly due to a 70S ribosome, was seen 
Phosphate buffer (1-2 10-? M, pH 7) was used to 
prepare extracts im most similar results 
were obtained using water. 

When disrupted bacteria 
10°? M tris buffer containing 10% M magnesium 
acetate, several larger were present. A 
schlieren diagram (12 mm. cell light-path) for such 
an extract, diluted to the protein concentration 
(lL per cent) which it has hitherto been customary to 
use, is shown in Fig. 24. It may be contrasted with 
that for an extract prepared in dilute phosphate 
buffer containing no magnesium acetate (Fig. 2c). 
This shows the same main features as Fig. 2a, where 
cell examined at concentrations 
much closer to those inside living cells. It appears 
that the practice of adding a high concentration 
of magnesium acetate (10°? M) to all cell-free 
extracts before examination, in order to ‘stabilize’ 
large arbitrary and may be 
leading. 

\ similar series of experiments has been conducted 
with S. . and in this case it was possible to 
examine the juice from crushed cells in the 3-mm. 
cell without further addition of liquid. From dilution 
experiments it emerged that the principal (leading 
boundary was due to an 80S ribosome, as reported 
for dilute extracts by Chao and Schachman‘. It 
therefore appears that the main ribosome (50S) 
normally present in the strains of Esch. and 
B. cereus that we have studied is of different size 
from that of yeast (SOS) or mammals. 

Addendum. Very recent work® shows that par 
ticles from Esch. coli sedimenting at 70S incorporate 
amino-acids. In amount, they constitute less than 
10 per cent of the total ribosomes and differ from 70S 
ribosomes in so far as they do not appear to be 
formed from 50S and 30S ribosomes and are not 
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sensitive to changes in concentrations of magnesium 
ions. It is therefore more readily understood why 
the metabolism of bacteria remains unaffected by 
salt’ concentrations that can cause profound changes 
in the distribution of their ribosomes*. However, 
the function of most of the ribonucleoprotein respon- 
sible for ultracentrifuge schlieren diagrams of crude 
extracts remains obscure. 
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A PLAQUE METHOD FOR ASSAYING SOME VIRUSES ISOLATED 
FROM COMMON COLDS 


By ROSEMARY PARSONS and Dr. D. A. J. TYRRELL 


Medical Research Council Common Cold Research Unit, Salisbury, Wilts 


E have recently described the isolation of some 

hitherto uncultivable viruses from human 
beings suffering from common colds'-*. Many more 
strains have now been isolated*. In order to study the 
properties of a few of these in some detail a simple 
and precise method of assay was required and methods 
based on counting plaques have obvious advantages. 
This article reports the development and testing of 
such a technique. 

In preliminary experiments we attempted to 
produce plaques by methods closely resembling 
those originally described by Dulbecco®. However, a 
marked cytopathic effect did not appear in stationary 
cultures, and the cell sheet did not survive under 
agar with the roller tubes and media used. An 
attempt was therefore made to count the focal lesions 
(Fig. 1) deseribed earlier as the first stage in the cyto- 
pathic effect of viruses of this type*. This has previ- 
ously been done with herpes virus*, vaccinia virus’ 
and using enteroviruses in tube cultures*. The 
foci or plaques were counted over the whole cell sheet 
in every tube using a total magnification of 30-40 x. 
Countable plaques were observed with two strains of 
virus (P.K. and H.G.P.) which produce a cytopathic 
effect in monkey kidney cells and in human amnion 
cultures. Plaques were also counted with viruses 
growing in human kidney cells; the plaques were, 
however, more difficult to count because the cell 
sheet was less uniform than with monkey kidney 
cells. For practical reasons nearly all the remaining 
experiments were performed with H.G.P. virus in 
cultures of monkey kidney cells. 

The tissue cultures used were secondary cultures 
of rhesus kidney cells. Between 30,000 and 40,000 
cells were inoculated into stationary tubes in 0-5 ml. 
of a medium consisting of 5 per cent calf serum and 
0-5 per cent lactalbumin hydrolysate in Hanks’s 
saline containing 0-03 per cent sodium bicarbonate 
and 100 units of penicillin, 100 + of streptomycin and 
20 units of mycostatin per ml. Cultures were ineu- 
bated at 36° C., usually for 12-24 hr. until ready for 
use. Inoculation took place after the medium had 
been changed to 1-5 ml. of one containing 2 per cent 
calf serum and 0-25 per cent lactalbumin hydrolysate, 
the other constituents remaining the same. After 
inoculation cultures were incubated at 33° C. in a 
roller drum. The virus strains had been isolated as 
described elsewhere'-*; pH determinations were 
made with a glass electrode instrument. The plaque 


count was only calculated from groups of cultures 
in which every tube had a countable number of 
plaques or no plaques. Ten-fold or 3-2-fold dilutions 
were usually employed so that it was possible to 
combine the results of several dilutions, 3—5 tubes 
being inoculated with 0-3 ml. of each dilution. 


Statistical Aspects of Microplaque Counts 

The number of plaques counted by two observers 
usually agreed quite closely, but there were difficulties 
at times because of lack of experience in searching the 
cell sheet systematically. Other discrepancies were 
reduced when it was agreed (a) that a focus must 
contain about 10 cells to be scored as a plaque, (>) 
that counts of more than 15-20 plaques be excluded. 
The exact number depends on the degree of compact 


Fig. 1. A small focus of degeneration or microplaque seen 3 days 
after inoculation of a human embryo kidney culture with strain 
B719. A group of 3 or 4 rounded cells is also seen. This would not 
be counted as a microplaque because the cells do not show the 
typical changes induced by the virus. (Unstained x 240) 
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of plaque 


Log... No 


Log,» concentration of virus 
Fig. 2. The relationship between plaque count and the concentra- 
tion of virus in the inoculum 


ness of the plaques, which differs between batches of 


monkey kidney cells. 

In numerous experiments it was shown that un- 
til three days the number of plaques occurring was 
directly proportional to the concentration of virus 
inoculated. An experiment of this type is shown in 
Fig. 2. Ina y? test applied to the original data the 
deviations from expectation were found not to be 
significant. 

The distribution of plaque counts was compared 
with that to be expected on the basis of a Poisson 
distribution. Fifty tubes were inoculated with a 
pool of virus diluted 1/100. As can be seen from 
Fig. 3, the number of plaques at three time-intervals 
after inoculation agreed well with the distribution 
caleulated from the mean number of plaques per 
_— The deviations from expectation were tested 
by the y? test, and in each case greater than 
el, After three days the number of plaques in- 


Was 


creases in all tubes near the end-point while negative 
assume that 2-3 days 


tubes remain negative We 


A 


tubes 


8 10 12 14 
No. of plaques 


The number of microplaques counted compared to those 
expected according to the Poisson distribution 
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following inoculation an increasing proportion of the 
virus particles which have become attached to the 
cells are able visible plaques, and that 
later plaques are secondary to the earlier plaques. 
In some experiments the plaque count at three days 
was compared with the titre of virus as judged by 
the 50 per cent end-point method used before®, The 
highest plaque count obtained before the distribution 


to produce 


became non-Poissonian seemed to be equivalent to 
the 50 per cent infectivity end-point method. 

It was shown that if H.G.P. virus was mixed before 
inoculation with a specifie hyperimmune antiserum 
(prepared in a rabbit) the plaque count was reduced: 
These experiments will be reported in full later 


Optimal Conditions for the Production of 
Microplaques 


(a) Temperature and pH of medium. It was dis 
covered that the conditions previously found neces 
sary for the production of a general cytopathic effect 
were also necessary for the appearance of the maximal 
number of microplaques. With a strain of H.G.P. 
well adapted to monkey kidney cultures, the tempera- 
ture was found to affect the plaque count, as can be 
seen from Table 1. Similar results were obtained 
when virus-infected nasal washings were used as the 
inoculum. 


Table 1. Errect OF TEMPERATURE OF INCUBATION ON THE NUMBER 


OF PLAQUES DEVELOPING 


Plaque count on cultures 


Day of incubated at 


Inoculum reading 


Virus passed 5timesinhuman Day 2 12 1,200 190 


embryo kidney and & times 


in monkey kidney cells Day 3 1,400 14,000 150 


We wished to know if changes in bicarbonate con 
centration were important in themselves or because 
of changes they induced in the pH of the medium 
Titrations were therefore set up parallel cultures 
maintained in media containing various concentra 
tions of bicarbonate as buffer, or else sodium phos 
phate buffer. The number of plaques appearing was 
counted and the pH of the medium in each case was 
The pH usually dropped about 0-3 unit 
between the beginning of the experiment and the 
time of reading, but the change was greater in 
eultures buffered with bicarbonate and in tubes 
buffered with 0-05 M phosphate. The results of two 
such experiments are shown in Fig. 4. It 
that the pH rather than the concentration of bicar 
bonate affects the plaque count and that optimal 
conditions were obtained when the medium had a 
mean pH of 7-0-7-4. The pH of the medium at 
the end of the experiments showing optimal results 
ranged from 6-9 to 7-1. This was achieved by adding 
phosphate buffer pH 7-14-7-69 at a final concentra 
tion of 0-05 M to a medium without bicarbonate. 

(h) Volume of inoculum. 


estimated 


less 


SecmMs 


In several experiments, 
cultures at 33° C. were overlaid with a 
standard dose of virus contained in various volumes 
of medium. 4 hr. were allowed for adsorption of 
virus; after this the inoculum was poured off and 
the cultures were washed before fresh medium was 
added and the tubes were rolled (Table 2). It can 
be seen that high titres were obtained with rather 
small volumes of fluid but the titres were no higher 
than those obtained when we used 1-5 ml. and rolled 
the cultures immediately following inoculation. The 
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Table 2. Evrrkcr oF INOCULUM SIZE ON THE PLAQUR COUNT 

| 
Size of inoculum { 1°5 mil. 


Plaque-forming 


units/ml, 1,200 1,200 


1,100 


reason for this is not understood as we expected the 
virus to become attached to the cells most successfully 
when small volumes were used ; possibly even a short 
period under stationary conditions reduces the 
susceptibility of the cells to virus. 
(c) Time of exposure to inor nlum. 
inoculated with dilutions of virus and 
under standard conditions. At intervals the medium 
was poured off sets of culture tubes (donor tubes) 
and inoculated to other sets, to ascertain how much 
In some 


Cultures were 
meubated 


virus had disappeared from the medium. 
experiments the donor tubes were washed or dono: 
were used which contained no cells. Some 
typical results are summarized in Fig. 5. This indi- 
cates that 80-90 per cent of virus added to the tubes 
is rapidly adsorbed. However, the virus has to be 
left in contact with the cells for 2-4 hr. in order to 
vive maximal plaque counts. It is probable that 
much of the virus which disappears from donor 
tubes is adsorbed to the glass of the tubes since virus 
disappears from dummy donor tubes which contain 


tubes 


no cells, 


Discussion 
Since the experiments described above were per 
formed it has been found that the microplaque method 


1,000 


Meon oH of standard 
medium 


No. of pla 


a 


6-4 6-8 
Mean pul of medium 


Fig. 4. The numberof plaques developing in tissue cultures contain- 

ing media buffered with phosphate at various pH’'s-——expressed as a 

percentage of the number of plaques in cultures containing the 

standard amount of sodium bicarbonate (0-03 per cent) ,exp. 1 
,exp.2 
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of plaques (per cent) 


O, Number of plaques appearing in a series of dilutions 
when the inoculum was removed at various times, as percentage 
of plaques found when the inoculum was not removed ; @, residual 
virus recovered from the medium of dilution tubes, assayed by 
transfer to fresh tissue cultures, and expressed as percentage of 
plaques found when the inoculum was not removed. The amount 
of virus left in the medium was proportional to the concentration 
of virus inoculated 


ig. 


can be readily applied to the measurement of relative 
virus concentration for various purposes. It has 
also been used to measure quantitatively the neutral 
izing activity of sera and nasal secretions, and to 
assay the effect of interferon on monkey kidney cells* 
We are also using it to assess the effect of adverse 
conditions such as high temperature and pH on differ 
ent phases of the growth-cycle. The main difficult, 
of the test is the necessity to read the cultures at 
what often prove to be awkward times, since if 
cultures with, say, 1 or 2 plaques are left for 24 hr 
they may be unreadable because the plaques are 
confluent. In addition, with ill-adapted viruses or 
with uneven batches of tissue cultures the results may 
be less satisfactory than those reported here. Never 
theless, since using this technique we have been able 
to accumulate, with the use of relatively small 
amounts of tissue culture cells, more precise data 
than was previously possible. 

We wish to thank Mr. Kk. 
micrograph and Mrs. P. A. 
assistance. 
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FLUORESCENCE AND HAMOLYTIC ACTIVITY OF TUMOURS 
NORMAL TISSUES OF THE C3H MOUSE 


By Dr. ERIC PONDER and RUTH V. PONDER 


Nassau Hospital, Mineola, New York 


ted fron normal mouse 
ircinomas of female 
glands of 


YSINS have been extrac 
from marmimary ¢ 
and from lyimphomatous 
They have been partially identified as 


acids 


tissue, 
(3H mice’, 
LAR mice* 
('-18 fatty 
fatty acids, for example, the eytolysin found in the 
roval jelly of bees, 10-hydroxvdecenoic acid, lethal 
the antibioti 


such as oleic, ricinoleic or related 


for leuewmic and ascitic tumour cells, 
(-18 fatty aeid found in royal jelly (also 10 hydroxy 
the as unidentified fatty 
fraction of guinea pig liver 


lecenoic acid)®, and vet 


cid im the microsome 
cells®.’, 

This communication is concerned 
ments of the fatty 


normal tissues and the tumours of (3H mice, 


reassure 


in the 


ith 


amount of acids found 
using 
fluorescence methods and hwmolytie titrations. 

disseet ed the white 
» been bled 


material, 


Mammary tumours are from 
tumours of (3H mice after the animals hay 
puncture. About half the 
scissors, is weighed, dried to constant 


This gives the dry 


by cardiae 
minced with 
weight at 60° C. 
material of the tumour. 

The remaining half of the wet mince Is transferred 
to the thimble of a micro-Soxhlet apparatus and is 
extracted for 2 hr. with 25 ml. of hot benzene which is 
made up to 50m. ; this gives the unknown NX which 
contains the C-18 fatty acids and other substances 
extracted by hot benzene from a known weight of 


and re-weighed. 


wet tumour mince. 

\ standard 17/100 solution ( 
ricinoleic or oleic acid in 50 ml. of benzene is prepared, 
this consists of 


2-S mgm. mil.) of 


and also a colour-reaction mixture R ; 
5 mil. of saturated rhodamine B in benzene plus 
10 ml. of 2 per cent uranyl nitrate in benzene. This 
reaction-mixture is used to give the fluorescence 
described by Feigl* for the higher carboxylic acids, 
for which, however, it is not altogether specific. To 
three square 1 mil. cuvettes which fit the Photovolt 
Corporation’s fluorescence meter, one adds 1 mil. 
of the standard S, 1 ml. of the unknown X, and | ml! 
of benzene (to serve as a blank }). The fluorescence 
of each is read; they are not the same, because 
benzene-extracted contain fluorescent sub- 
stances other than C-18 fatty acids. The fluorescence 
of the blank is subtracted from that of the unknown, 
and the result is divided by the fluorescence of the 
standard with that of the blank subtracted. This 
vives F,. To each cuvette is added 0-75 ml. of the 
reaction mixture, and after stirring with an air 
iet. the fluorescence of each cuvette is read. The 
fluorescence of the unknown, with that of the 
blank subtracted, is divided by the fluorescence 
of the standard with that of the blank sub- 
tracted. This gives F,; (F F’,) gives the fluores- 
cence due to the higher carboxylic acids. The 
primary filter in the fluorescence meter transmits 


Tissues 


secondary filter 
The VPhotovolt 


search unit of 


and the 


band 


mereury line, 
410480 
photomultipher, the 


the 


transmits 


365 
the 


( orpol aul jon’s 


which is attached to the fluorescence meter, should 
operate at its highest multiplication, which is about 
10°. 

The fluorescence of the standard is set by the photo 
attenuator at some figure between LO and 30 on the 
photometric seale of the photomultiplier. Since the 
concentration of C-18 acids in the standard is W100, 
(F, F,) gives the concentration in mgm./ml. 
of the higher fatty acids in the unknown. The dry 
weight of the material in the mince is known, and so 
the amount of C-18 fatty acid contained in I gm. of 
dried can be The method 


can be applied to tissues of anv normal or tumour- 


mince caleulated Sine 
bearing animal 
Care must be taken that fatty acids from the hands, 
into the standard, the 
The inhalation of benzene 
The photomultiplier 


ete., are not introduced 
unknown. and the blank. 

during pipetting is dangerous 
and fluorescence meter are apt to be unstable unless 
warmed up for 30 min., and the primary shutter of 
the fluorescence meter must be kept closed until the 
blank, the standard, or the unknown are in place 
in the cuvette holder ; the pronary shutter is then 
opened for a few seconds, and the fluorescence is read 
If the apparatus is used in this way, It 1s stable and 
the relation between fluorescence and concentration 
of C-18 fatty acid is almost linear. When the 
fluorescence of the unknown is much greater than 
that of the standard, as in liver and lung, the benzene 
extracts should be diluted so that the fluorescence 
meter can be used very nearly as a null instru 

ment. 

The standard S used in the fluorescence measure 
ments is a M/100 solution of ricinoleic (or oleic) 
It contains 2-8 mgm./ml. of fatty 
acid and 60 10'? fatty acid molecules per ml 
The expression F,) 280/wd.(X’ — b)/(S’ h) 
gives the quantity of higher fatty acids in mgm. 
gm., where d is the percentage of dry material in 
the unknown and uw is the weight (gm.) of the 
benzene-extracted tissue. This often gives large 
values, for example, 5-50 mgm./gm. of dry tissue 

If 1 ml. of the benzene solution of the unknown is 
dried in a current of air and the fatty acid taken 
up in m ml. of phosphate buffer at pH 7, its lytic 
activity can be compared with that of S, S/2, 4, 
ete., treated similarly. If the unknown has the same 
lytic activity as S/n, the lytic activity of the material 
in the unknown X is The value is usually 
small, for example, 70 y/ml. or less, which is partly 
due to fatty acids not being soluble at pH 7-0. They 
are probably soluble, however, in the lipoproteins 
of the surface of the red cell 


acid in benzene. 
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APPARENT CONTENT OF C-18 Fatty IN DRY 
WRIGHTS OF TISSUE 


Table | 


Normal (3H males Tumour-bearing (3H females 


Liver Lung Tumour Liver Lung Muscle 


9° 


22:4 
0-05 


The ratio of the value 2-8 (Ff, — F,) found by 
fluorescence to that found from hemolytic activity, 
for example, 5-50 mgm./ml. compared with 70 y/mil., 
or at least 70 to 1, might provide the approximate 
ratio of the total fatty acid in the system to the fatty 
acid bound at the red cell surface were it not that the 
surface can become saturated with fatty acid mole 
cules, arranged end-on in the first instance. The 
mean surface area of the red cell is 1-67 10% A.2, 
and if the number of cells per ml. is 10*, the total cell 
surface is 1-67 10'* A.2. The cross-sectional area 
of a fatty acid molecule is about 10 A.2, so 1-67 
10°? A.* of the cell surface can be covered by a con- 
tinuous film of fatty acid. The standard system 
contains 60 x 10°? of fatty acid, and so saturation 
occurs when about 80 +/ml. is bound. If a system 
contains more lysin, the bound lysin probably remains 
at about 80 y/ml., and the curve obtained by plotting 
the free fatty acid against that bound, both in 
y/ml., shows a discontinuity at the saturation value. 
If the system contains less lysin than the saturation 
value, the quantity of lysin bound is proportionately 
This is in agreement with the results of radio- 
activity measurements with oleic acid’. (The fatty 
acid was wrongly referred to in this paper as its 
sodium soap, which it is not at pH 7; this makes litth 
difference to the conclusion.) 

The mean values, with the standard egror of the 
mean, for the C-1I8 fatty acids in mgm.’gm. dry 
weight of normal liver, normal lung, tumours, livers, 
lungs and muscle of tumour-bearing mice are shown 
in Table 1. The values do not have great precision, 
partly because the standard deviations are large, 
partly because a difference (F, F ,) is a part of the 
calculation, and partly because the quantity of blood 
in the tumours and in the tissues, althongh small 
because the mice are bled, is not measured. Even 
heparinized blood when extracted with benzene 
and treated with the colour reagent gives a small 
fluorescence (1-0-1-5 mgm./gm. of dry weight) and 
some fraction of this, depending on the quantity of 
blood which the tumours or tissues contain, ought 
to be subtracted. The values for the and 
lungs of the tumour-bearing females are, however, 
significantly greater than the corresponding values 
for the males. 

The sign'fieant finding is that, at pH 7 
8-5, homogenates of (3H mouse tumours or of the 
glands of lymphomatous mice? are neually 
more lytic than homogenates of normal mouse liver 
while benzol extracts of normal mouse liver 


less. 


livers 


Thost 


and lung, 
and lung apparently contain 4-12 times the amount 
of C-18 (or higher) fatty acids contained in 
benzene extracts of the tumours, and as estimated 
by fluorescence. One explanation is that Ivtie fatty 
acids are bound to a greater extent to inhibitors in 
the tissue homogenates than in the tumour homo- 
genates. Another explanation is that normal mouse 
liver and lung contain small amounts of non-lytie, 
benzene-soluble, and very fluorescent substances 
which enter into the reactions for C-18 fatty acids, 
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whereas these substances scarcely occur at all in 
tumours. 


Contribution of Vitamin A and Vitamin 
A-like Substances 


There is some evidence that mouse liver and lung 
contain two kinds of benzene-soluble substances (see 
preceding communication). The first are C-18 fatty 
acids, which fluoresce on the addition of rhodamine B 
and uranyl nitrate when they are excited in the 
ultra-violet. These acids are hemolytic, and exist 
both in normal mouse liver and lung and also in the 
mammary tumours of the C3H mouse. The second 
kind of substance is also fluorescent, but is non-lytic ; 
it occurs in mouse liver and lung, but not in mouse 
mammary tumours. It is possibly vitamin A or 
a related substance. Its concentration and also that 
of the C-18 fatty acids can be estimated by a com 
bination of fluoroscopy and ultra-violet spectro- 
photometry, since vitamin A shows an absorption 
maximum at 330 mu, while the C-18 fatty acids show 
absorption between 280 and 285 mu and not at 
330 mu. 

The procedure is as follows: With a Cary No. 11 
recording spectrophotometer, the optical density D 
at 330 mu is found for a series of concentrations of 
vitamin A in benzene. Beer's law is obeved between 
ly/ml. and 50+/ml. About 1 gm. of liver is extracted 
with benzene in a Soxhlet apparatus and is made up 
to 50 ml. with benzene. By spectrophotometry, and 
using the calibration curve already obtained for the 
optical density D at 330 mu of different concentra- 
tions of vitamin A, the concentration of the latter 
in the liver extract is found to be x in y/ml. This step 
enables the value of D to be related to the value of 
the fluorescence F. 

The fluorescence F of various concentrations of 
vitamin A in benzene (1 +/ml., 5y/5 ml. 10y/10ml., ete.) 
is found with the Photovolt Corporation's fluorescence 
meter, and a small value for a blank 4 is subtracted 
from each. The fluorescence of the liver extract is 
found similarly, ) being again subtracted, and the 
extract being diluted suitably with benzene. The 
fluorescence F can then be related to the optical 
density D, the relation being F/D 15-4 1-0. 
Note that the units for both F and D are v/ml. wet 
weight. This method of estimation can be applied 
to extracts of male and female mouse livers (the 
females usually being tumour-bearers in these 
experiments), to extracts of tumours, ete. 

The values of 2-8 (F,-F,) are then found for 
extracts of male and of female livers, tumours, ete., 
as described above ; these values are those for the C-18 
fattv acid content, and the unit is now mgm./ml. 
wet weight. In the case of each tissue extract, the 
value for the vitamin A content (in +/ml.) is subtracted 
from the much larger value for the C-18 fatty acid 
content (in mgm./ml.): the difference can then be 
expressed in mgm./gm. dry weight, if desired. The 
concentration of the lytic C-18 fatty acids in mouse 
liver and lung is always at least 99 times greater 
than that of vitamin A or vitamin A-like substances, 
and so it ean be coneluded that the principal reason 
for homogenates of (3H mouse tumours being more 
lytic than homogenates of normal mouse liver or 
lung, although benzol extracts of the latter seem to 
contain 4-12 times the amount of C-18 fatty acids 
contained in the benzene extracts of the mouse 
tumours (estimations by fluorescence), is that the 
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reaction which estimates the lytic C-18 fatty acids 
also reacts with a very much smaller amount of very 
fluorescent substances, such as vitamin A. 

A number of subsidiary points have been established 
during these investigations. (1) The vitamin A 
concentration of C3H mouse tumours is very small, 
that of the livers of male mice is about 1 y/ml., but 
that of the livers of tumour-bearing female mice is 
about ten times greater. (2) The concentration of 
vitamin A in benzene extracts of mouse livers is not 
reduced by shaking with 0-1 M sodium hydroxide, 
that is, the substance with an absorption maximum 
at 330 mu is either not a vitamin-A acid, or else is 
strongly bonded to other benzene-soluble substances. 
(3) Some of the benzene-soluble substances present 
in mouse liver are taurocholates (absorption between 
281 and 293 mu), tripalmitates (absorption at 281 
mz), and cholesterol, a possible inhibitor (absorption 
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; SYSTEMATIC investigation has been carried 
A out on the reduction of life-span and causes of 
death in mice exposed at the age of 30 days to a single 
whole-body dose of 15-MeV. X-rays. 4,604 mice, 
half of them male and half female, of an inbred A 
sub-strain were used. The animals were randomly 
divided into ten dose groups (Table 1) ; one of these, 
the control group, underwent the procedure of ‘sham’ 
irradiation. 

Apart from the single event of the exposure to 
radiation, all irradiated mice were kept to the end 
of their lives under the same conditions as the control 
population. The age at death was recorded for each 
animal, and an attempt made to establish the cause 
of death at autopsy. 

A full description of the experimental technique 
and a detailed analysis of the results will be published 
in the Proceedings of the Royal 
Society’; in this article we present 
only a summary of the results and 


conclusions. 


Shortening of Life 


Survival curves, in which the 
percentage of the population sur- 
viving to a given age is plotted 
against the age, were drawn for 
every dose group, counting as 100 
per cent the mice alive at the age of 
60 days, that is, 30 days after the 
exposure. Typical survival curves 
for the male control group as well 
as for male mice exposed to 198 and 
457 r. are given in Fig. I. 

(An attempt was made to analyse 
the survival curves in terms of a 
Gompertz plot (logarithm of specific 0 60 
mortality-rate versus age). As 
seen from Fig. 2a, the experimental 
points are rather widely scattered 


Specific mortality-rate (percentage per week) 


SHORTENING OF LIFE AND CAUSES OF DEATH IN MICE EXPOSED 
TO A SINGLE WHOLE-BODY DOSE OF RADIATION 


By Dr. PATRICIA J. LINDOP and Pror. J. ROTBLAT 


St. Bartholomew's Hospital Medical College, London, E.C.| 


Age (weeks) 


Fig. 2. (a) Gompertz plots in 10-week intervals; (6) probit as a function of 
square of age for every decile of the survival curves 
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between 280 and 295 my); linoleic acid, a typical C-18 
hemolytic fatty acid, has its maximum absorption 
at 275 mu ina 1 per cent solution in benzene, and 
does not absorb at 330 mu. Present observations 
throw no light on the extent to which lytic fatty 


acids are bound to inhibitors in homogenates of 


normal tissue and homogenates of tumours. 
This work was done under a grant, No. (-4467, 
from the U.S. Public Health Service. 


* Ponder, E., and Nesmith, J., Cancer Res., 12, 104 (1952). 

* Ponder, E., and Ponder, R. V., Nature, 182, 1737 (1958) 

* Ponder, E., and Ponder, R. V., Nature, 184, 819 (1959) 
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* Feigl, P., “Spot Testa in Organic Analysis’’, fifth ed. (Elsevier Pub. 
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Table 1. Dose Groups 


Dose (r.) Number of mice Dose (r.) Number of mice 


457 576 
50 549 144 
us 630 140 
108 144 

350 780 144 


and they do not fall on straight lines as might have 
been expected*. On the other hand, a plot of the 
probit of the percentage survival against the square 
of age was found to give an excellent linear regression 
(Fig. 2b). 

Two effects of radiation are noted from the survival 
curves: (a) a reduction in the median age; (4) a 
small increase in the standard deviation of the distri- 
bution of ages at death. We suggest that the latter 
effect is the result of the greater spread in the ages 
of different diseases which occurs in the 
irradiated animals. 

We have calculated that this increased spread would 
give rise to the following variation of the standard 
deviation with dose : 


of onset 


a ='297-3 0-001 


4 


where o is the standard deviation in weeks and D 
The observed variation of 
closely with this 


is the dose in roentgens. 
c with was found to 
expression. 

The main effect of radiation, that is, 
the survival curves towards a younger 
age, was found to be proportional to 
the dose. If the ages at which the 
animals from different groups 
reached a given percentage of survival 
are plotted against the dose, straight 
lines are obtamed. The slopes of 
these lines are not the but 
decrease systematically as one goes 


dose agret 


the shift of 


dose 


from high to low percentages of 
survival. This is the result of the 
variation already mentioned of the 
standard deviation with dose. If a 
correction for this variation is made, 
the above expression, 
the slope of all lines becomes the 


within the experimental 


according to 


same 
error. 

From displacement of the 
survival relative to that of 
the control group the amount of life- 
shortening can be calculated for each 
dose group. This is plotted against 
the dose in Fig. 3. It is seen that the 
points fall closely on a straight line 
which passes through the origin 
within the limits of experimental 
error. The reduction of life-span is 
thus proportional to the 
and there is no threshold for 
off ct 

From the slope of the line the lift 
shortening is calculated to be 5-66 
0-18 weeks per 100 r. Taking into 
account the relative biological effec- 
tiveness of 15-MeV. X-rays (0-81 
0-03) this 7-00 
0:34 weeks 250-kV. 
X-rays were relative 
shortening of per cent 


the 
curves 


this 


Incidence 


corresponds to 
per 100 r., if 
used. The 
life is 38-0 


Percentage incidence of deaths from 


February 


Life-shortening (weeks) 


Dose (r.) 


Shortening of lite as a function of dose for mice of both 
sexes 


Fig. 3. 


of the median life-span for a dose equal to the L150 
(698 r.). 

Separate calculations for male and female mice 
show a slightly larger life-shortening effect in males 
than in but the difference is within the 
experimental error. 

The life-shortening effeet found by us is consider 
ably greater than that observed by other invest: 
gators*. This may be due to the difference in age at 
irradiation. We have found previously‘ that at four 
weeks of age the radiation sensitivity to acute effects 
is much greater than at other The linear 
relationship bet ween life-shortening and dose observed 


females, 


ages. 
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Table 2. GROUPING OF CAUSES OF DEATH 


Cause Diseases included 


thymoma, lymphatic and myeloid 
leukemia, lymphadenoma, lympho 
sarcoma 

Pulmonary tume! a few benign adenomata, but mostly 
adenocarcinomata 

hepatoma, hamangiomata and second- 
ary deposits from unknown primary 
tumour 

some benign cystadenomata, but mostly 
granulosa cell tumours 

carcinomata or sarcomata not included 
in the above groups 

degenerative, infective or haemorrhagic 
conditions of lung ; 

generalized infection, for ¢ Kample 
staphyloccal septic@mia 

Renal mechanical, infective or degenerative 

conditions in urinary tract 

Liver degenerative, infective or infiltrative 
conditions of liver 

miscellaneous causes, for example, 
aneurysm 

hemorrhage, obstruction or infection 

undiagnosed cause of death, due to 
lack of visible pathological changes 

mouse eaten or autolysed ; this group 
may include many different diseases 


Leukemia 


Liver tumours 


Ovarian tumours 
All other tumours 


Pulmonary 


Intestinal 
Undiagnoss 


by us, and the lack of a sex difference m this effeet, 
may also be characteristic of the young age at irradia 
tion. Experiments are now im progress to determine 
the dependence of life-shortening on age at irradi- 
ation 

The fact that the corrected survival curves are 
parallel to each other after the ‘plateau’ region, sug- 
gests that life-shortening 1s the result of the loss of a 
few weoks of early life and not of a contraction of the 
time-scale of the animal's life. From the point of 
view of survival the irradiated mice behave exactly 
like their non-irradiated mates of an older age, and 
only in this sense can one claim that radiation causes 
premature ageing by an amount proportional to the 


dose. 


Causes of Death 


Apart from obtaining a quantitative relationship 
between shortening of life and dose, the aim of the 
investigation was to establish whether the reduction 
of life-span is the result of induction by radiation of 
certain specific diseases or of an ad 
vancement of all natural causes of 
death. For this purpose a full post- 
mortem examination has been earried 
out on each animal which died to try 
to establish a cause of death, according 
to certain criteria fixed at the start 
of the investigation. Random samples 
of tissues were also taken for histo- 
logical study. In the final analysis all 
causes of death were divided into 10 
groups (Table 2), which include five 
tumour and four non-tumour groups. 
The tenth group, which comprises 
about 20 per cent of all deaths, 
contained the cases in which no 
definite diagnosis could be established. 

In view of the much smaller num- 
bers of mice in the highest dose 
groups, @ detailed statistical analysis 
was carried out only for the six lowest 
dose groups, © 457 r. 

The percentage incidence of a given 
cause of death was found, in most 
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Fig. 5. Age distribution of deaths from leukemia in male mice 


eases, to vary very little with dose, but some 
increase and others 
a definite decrease with dose. The most pronounced 
absolute changes are shown in Fig. 4; these are 
an inerease with dose in the incidence of leukaemia 
and a decrease in pulmonary tumours. All four 
linear relationships 


diseases showed a definite 


plots give reasonably good 
between incidence and dose. 

Apart from the change in incidence, the distribution 
in time of deaths from different causes turned out 
to be of great interest. ‘Survival curves’ were 
drawn for each cause of death in a similar way as 
in Fig. 1 for deaths from all causes. An example of 
such a curve, for leukemia in males, is shown in Fig. 
5. From these curves the median age for the occur- 
rence of each disease was determined A plot of such 
median ages versus dose is shown in Fig. 6 for the 
same two diseases as in Fig. 4. Fig. 6 also contains 
the lines for the median ages at death from all 
causes. It is seen that while all causes of death 
were advanced by radiation, some were advanced 
faster than others; in particular, leukemia was 
advanced more and pulmonary tumours less than 
the average 

\ detailed analysis has shown that there exists a 
definite correlation bet ween the acceleration of a given 
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200 300 400 S00 100 «6200 6400) 800 


Dose (r.) Dose 


Fig. 6. Median age at death from different causes as a function of dose. 
The experimental points were omitted for the lines relating to all causes of 


death 
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Males Females cause of death and the rate of 


change of the percentage incidence 


all t Pulmonary Tumours with dose. This correlation sug- 
¢ gests that the change in incidence 
rtTYy . | is merely the result of the changed 
times of onset of diseases, since an 
animal which would have normally 
10 | died of one disease will die earlier 
of another disease which is more 
accelerated by radiation. An actu 
arial correction was made to take 
into account the change in time of 
onset of the different diseases, and 
0 — - the corrected incidences have indeed 
been found to be independent of 
dose. This can be seen from Fig. 7. 
which should be compared with 
Fig. 4. We conclude, therefore. 
20 Leukaemia that the intrinsic probability of 
t ¢ any one disease occurring is the 
r | same in irradiated as in control 
‘ animals, the main effect of radiation 
bf : being an advancement of all causes 
of death but at different rates 
10 Which disease is more advanced 
may depend not only on strain 
r characteristics, but also on the age 
of the animal at irradiation. The 
pathogenesis of diseases occurring 
later in life and contributing to 
100 «200 «3000 «400 0 100 «6-200 400-500 death may be laid down at different 
Sine tet Dose (r.) uges in life. In this investigation. 
Fig. 7. Percentage incidence of deaths from leukemia and pulmonary tumours, in which the irradiation was given 
corrected for the different rates of advancement of these diseases at the age of 30 days, when 
the hemopoietic tissue is most 
active, leukemia was most advanced by radiation 
wane Exposure at another age may well bring to the fore 

a completely different disease. 
In the high-dose groups another effect was observed, 
20 namely, a decrease in incidence of all neoplastic 
diseases, with a corresponding merease in the incid 
i ence of non-neoplastic diseases. This can be seen from 
Fig. 8, which shows the variation with dose of the 
incidence of leukemia and renal diseases. A decrease 
in ineidence of neoplastic diseases at high doses 
10 > has been observed by others®; a similar effect 
ax. | was found in the study of genetic mutation-rates®. 
? I t It may be due to the lethal effect of radiation 

‘ on tissue; a large dose may kill the cells, or 
may prevent the initial change in the cells, which 
would have later become manifest as a neoplastic 
Levkaemia eondition. 

The main conclusion from this work is that the 
shortening of life produced by radiation is due not to 
7 the induction of specific diseases but to the bringing 
20 i forward in time of all causes of death, without any 
‘ > ‘ intrinsic change in their relative probabilities. From 
’ , this point of view radiation may be considered as an 
° ageing factor. It cannot. however, be identical with 
i | natural ageing, since the relative ages of onset of 
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Percentage incidence of deaths from leukemia and renal 
diseases in female mice, showing effect of high doses 


diseases are not the same in the irradiated as in the 
control populations. 
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NEW FINDS AT OLDUVAI GORGE 


By Dr. L. S. B. LEAKEY 
The Coryndon Museum, Nairobi, Kenya 


N Nature of December 17, 1960, p. 1050, I reported 

the discovery of the bones of a hominid foot as 
well as some other specimens, in deposits of Bed I at 
Olduvai, but in a geological stratum lower than that 
which yielded the skull of Z/njanthropus in 1959. 

The deposit at site F.L.K.N.N. 1, which yielded 
the foot bones, the few hand bones, some tiny skull 
fragments, the two eclavicles and the ‘lissoir’, has 
since then yielded the greater part of a hominid 
mandible (see Fig. 1) (found by my son, Jonathan 
Leakey, on November 2), as well as parts of two 
hominid parietals (see Fig. 2). 

From the mandible, it is possible to estimate that 
the age at death of this individual was about twelve 
years. This is on the basis of present-day tooth 
eruption, since the are in 
position but little worn, while there is no sign what- 
soever of the eruption of the third molars. It is 
Lower Pleistocene times 


second molars occlusal 


realized, of course, that in 
growth may have been more rapid, and that this 
jaw may perhaps represent an individual of less than 
twelve years. 

The new mandible can be regarded, almost cer- 
tainly, as belonging with the two parietals, the foot 
the hand bones, and one of the 
clavicles. Since these remains represent a hominid 
which is stratigraphically earlier than Zinjanthropus, 
they are of considerable scientific interest. 

Although detailed study has not yet been under- 
taken, the following facts may be placed on record : 

(a) The overall dental pattern does not appear 
to be compatible with the type seen in Zinjanthropus 


bones, some of 


The new jaw from site F.L.K.N.N. I Olduvai 


P 


1. 


Fig. 2. Two trontals of a juvenile. They are a little larger than 
those of Zinjanthropus, and probably belong with the mandible 


or any other Australopithecine, and it seems possible 
that we are dealing with a quite distinet type of 
early hominid. 

(6) The lower canines, while relatively large, are 
wholly hominid in type and morphologically quite un 
like the canines of pongids, but recall A ustralopithecus. 

(c) The lower incisors are also hominid in their 
general morphology although they do, to 
extent, reeall the lower incisors of Proconsul. 

(?) The premolars are remarkable and are unlike 
what is normally to be seen in the Australopithecinae. 
The anterior—posterior length in both the third and 
fourth premolars is greater than the bucco-lingual 
width, while the fourth premolar has very well- 
marked cuspules bordering the edge of a large 
posterior fovea. 

(e) The first molar is well worn and has a general 
cusp pattern reminiscent of what can be seen in some 
recent Australian Aborigines, but it is of course 
larger. 

(f) The second molar is much longer than the first 


and is remarkably elongate. 

The mandible was unfortunately broken prior to 
fossilization, and part of the right ramus has been 
distorted and made to appear much nearer to the 
left half than is really the case. The corpus mandi- 
bulare is very massive indeed. Unfortunately, the 
lower margin of the mandible is missing, so that it 
is not possible to say anything about the lower rim 
of the mandible or of the symphyseal region. 

The two parietals are especially remarkable be- 
cause, although they apparently belong to a young 
individual only twelve years old (or less), they are 
larger than those of Zinjanthropus. They are remark- 
ably thin, and exhibit no sign of a sagittal crest or 
of any marked temporal line. The lack of both these 
may, perhaps, be due in part to the youthful age. 
Nevertheless, these parietals suggest that we are 
dealing with a hominid with a larger brain capacity, 
as well as somewhat less specialized, than Zinj- 
anthropus. 
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of the skull of a man from Bed IL Olduvai 
ibundant tools of Stage 3 of a 
skull is 200 mm. long 


Profile view 
which yielded 


Pig 


s level stome 


of the 2 trom above, to 


characters 


.4. View skull of Fig 


At the time of writing the communication pub 

lished in Nature of December 17, very few stone tools 
had been found in this lower level ; since then, more 
have been found. 
Another discovery of outstanding 
on December 2. This consists of the brain case 
Figs. 3 and 4) of a hominid from Bed IT at 
Olduvai, at Site L..K. This skull was found at a 
stratigraphic horizon which yields quantities of stone 
of 3 of the Chellean culture. It may 
reasonably be assumed that we have, at last, found 
skull the of the Chellean 
culture 

The Chellean culture was the recognized 
stone-age culture ever to be officially accepted by 


interest was 
mack 


(see 


tools stage 


a represent ing makers 


first 


science more than a century ago, but in all the years 
that have followed, no authentie find representing 


‘Chellean man’ has been made other than two teeth 


/ 


/ 


Chelle 


show the brow ridge 
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found at Olduvai in 1954, and re- 
ported in Nature in 1958. In this 
connexion it must be noted here 
that Atlanthropus, found by Prof. 
Arambourg in North Africa, was. 
in the first instance, placed on 
record being associated with 
Chellean tools; but this has since 
proved to be incorrect, since the 
cultural material found with them 
is quite clearly of Acheulean type 

This skull from Olduvai, 
which comes from the well-estab- 
lished Chellean horizon in the 
gorge, is remarkable in a number 
of It has a number of 
resemblances (although some of 
them are only superficial) to the 
Pithecanthropimes. In other char 
acters, however, the new skull 
shows considerable resemblances to 
the Steinheim skull from Germany. 
a specimen which is usually regarded 
contemporary with the early 


as 


new 


respects. 
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phases of the Acheulean hand-axe 
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culture and assigned to genus 
Homo. The new skull 
certain resemblances to well 
known African fossil skulls, those 
from Broken Hill and Saldhana, 
respectively. — It very large 
209 mm. long and 150 mm. wide 
and while the vault of the skull 
is low compared with present-day 
man, it is high compared with the 
fossil skulls from Java and Pekin 
No. discussion points of detail 
will be attempted af present 

The third 
recent months is that of an excep 
tionally rich living tloor of a 
stage of the Oldowan culture, some 
20 ft. higher in Bed I than the 
Zinjanthropus-level and immedi 
ately underlying the ‘marker bed 
at the top of Bed Ll. The cultural 
material in this new floor is associ 
with a very rich fauna and 
of special interest it 
provides an intermediate 
between the ordinary Oldowan and 
stage | of the Chellean, as found at 
sites such as B.K. IL. Moreover. 
the study of the fauna found here indicates that, 
at this level, man had more skill in hunting the large 
adult animals living at that time than is shown at 
the Zinjanthropus-level. 

| wish to thank the National Geographic Society. 
which has enabled us to work in the field continuously 
since February 1960, with a large party. I also owe 
special thanks to my wife and to my son Jonathan, 
and to my senior assistant, Heselon, on whom the 
bulk of the work in this very long season has fallen 
| am grateful to the Geological Survey of Tanganyika 
for making available the services of Dr. Pickering to 
carry out geological mapping on the sites, and on the 
Gorge as a whole. I also thank the many individuals, 
too numerous to name, as_ well the Wenner 
Gren Foundation and the Wilkie Foundation, who 
have helped in a variety of ways to make this further 
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New books for February 196! 


Transistors: Principles, Design and Application 
WW’. W. GARTNER. C.B.S.Labs., Stanford, U.S.A. (formerly Siemens-Halske) 
(Van Nostrand Series in Electronics and Communications) 


vii pages. 6in. 9in. Illus. 


Introduction to Astronomy, 6th Edition 


Prof. R. H. BAKER, Illinois. vii +364 pages. 6 in. in. Illus. Aly. 6d. 


X-ray Microscopy and Microanalysis 
Proceedings 2nd International Symposium 
Editors A. ENGSTROM, V. E. COSLETT, H. H. PATTEE 
v +542 pp. 6in. Illus. ELSEVIER, £5 


4 New Elsevier Monographs 


Principles of Astronautics M. VERTREGT. 18s 
Electrostatic Separation of Mixed Granular Solids O. C. RALSTON. 24s. 
Toxicology and Biochemistry of Aromatic Hydrocarbons H.W. GERARDE. 30s. 
The Colour of the Skin in Human Relations R. D. G. Ph. SIMONS. 13s. 6 


Chemistry of Carbon Compounds: 
Vol. [Vc, now concludes HETEROCYCLIC COMPOUNDS 
Editor: E. H. RODD xxviii+732 pp. 6in.«<9in. ELSEVIER, £6 10s. 


Biological Role of Ribonucleic Acids: 
JEAN BRACHET (Brussels University) his 6th Weizmann Memorial Lectures 
viii+120 pp. Illus. in. 83 in. ELSEVIER, 38s. 


Multilingual Dictionary of Barley, Brewing and Malting 
(German, Danish, English, French, Italian) 


3.917 entries. 6 in. in. 


ELSEVIER, £5 5s. 


FISITA 1960: 
sth Automobile Technical Congress Proceedings 


585 pages, 6 9 in, 


ELSEVIER, £7 


358 Kensington High Street, London Wi4 — 
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NEW YORK Publ 


Publishers. 


This unique collection of spectral data is the result of the 
teamwork of a great number of experts in the field of chemical 
spectroscopy. The material has been collected on the basis of 
the page-by-page screening of over 70 scientific journals. For 
the first time, therefore, a catalogue will be available which is 
up-to-date and comprehensive and which presents to the 
organic chemist and spectroscopist an inventory of spectral 
data for immediate use in spectralanalytical and structural 
investigation. The first two volumes, now available, each 
contain approximately 25,000 entries. The arrangement of the 
material is according to the molecular formula index system 
now used by Chemical Abstracts and Beilstein. Subscribers to 
this catalogue will receive, therefore, an archive of spectral 
data for immediate and future use which will be of lasting value. 
Work on the additional volumes has progressed far; more than 
30,000 entries are already in the process of being classified and 
edited. 


IN ACTIVE PREPARATION: 


VOLUME I 


ORGANIC ELECTRONIC SPECTRAL DATA 


1946-1952 
Edited by MORTIMER J. KAMLET, 


U.S. Naval Ordnance Laboratory 


1,222 pages 


VOLUME 


215 - 


1953-1955 
Edited by HERBERT E. UNGNADE, 


Los Alamos Scientific Laboratory 


929 pages 


VOLUME II1l—1956-1957 Edited by O. H. Wheeler & L. Kaplan 
VOLUME IV—1958-1959 Edited by F. C. Nachod & J. P. Phillips 
VOLUME V—1960-1961 Edited by R. E. Lyle & J. D. Cawley 


Those who place a standing order for all volumes will receive each one, as published, at a reduced subscription 


price. Subscription prices Volume 1—188'- Volume II—113/- 


INFORMATION RETRIEVAL 


AND MACHINE TRANSLATION—Part I 


ADVANCES IN DOCUMENTATION AND LIBRARY 
SCIENCE— Volume UI, Part 1 
This book is the first part of a two-volume work which records 
the papers and discussions of the International Conference for 
STANDARDS ON A COMMON LANGUAGE FOR MACH- 
INE SEARCHING AND TRANSLATION, held under the 
auspices of Western Reserve University and the Rand Develop- 
ment Corporation, September, 1959. All of the papers, revised 
and brought up-to-date by the authors, are presented as chapters 
of this and the succeeding volume. The transcript of the 
discussions has been edited only slightly in order to retain the 
original flavour of the lively and fruitful sessions. Though the 
same basic principles may be found to underlie different 
machine languages, they tend to diverge with regard to such 
procedural features as code design and mode of recording for 
searching and language analysis. However, it would appear 
that the outlook is excellent for the eventual establishment of 
common languages“or standards_of interconvertibility among 
many of the systems. 


Edited by ALLEN KENT, 


Associate Director, 


132 - 


Centre 


for Documentation and 
Communication Research, 


School of Library 


Se ienc 


Western Reserve University, 


Cleveland, Ohio 
704 pages, 61 figures, 29 tables 


Part II 
About 804 pages 
Expected in April, 1961 


173 - 


188 - 


88-90 Chancery Lane, London, W.C.2. 


q 
| 
‘ 
oe 
ate, 
4 
| | 
| 
G 


MACMILLAN 
BOOKS 


Russia’s Rockets and Missiles 
ALBERT PARRY 


In this important book the Russian-born author, one of the foremost American experts 
on Soviet rocketry, presents a fascinating and authoritative account of Russian efforts 
to master outer space. He also takes a look into the future, including plans for Soviet 
lunar cities and visits to other planets. 255 


Elements of Physical Chemistry 


SAMUEL GLASSTONE and DAVID LEWIS 


In this revised edition the contents have been rearranged to provide a more logical 
presentation, whilst new material has been incorporated in each chapter. The book 
provides, at the elementary and within the scope of a degree course, a comprehensive 
physical chemistry in the light of modern developments in the science. 

Over 200 figures and tables. Second Edition. 60s 


The Interpretation of X-ray 
Diffraction Photographs 


N, F. M. HENRY, H. LIPSON and W. A. WOOSTER 


Since the publication of the first edition there has been a considerable development of 
direct-projection methods of X-ray diffraction. In this new edition chapters have 
been added on the precession method and on rotation-retigraph method. Chapters 
on the Weissenberg method have been rewritten and enlarged and minor changes 
have been made throughout the text. Illustrated with photographs and diagrams. 
Second Edition. 63s 


Structural Concrete KURT BILLIG 


Following Professor Billig’s previous books, Prestressed Concrete and Precast Concrete, this 
present work aims to provide a Minor Encyclopaedia on Structural Concrete within a single 
volume. The layout of the book follows the scheme established by its predecessors, 
with materials, design, and construction dealt with in that order. 


164 figures, 73 photographs, 113 tables. 84s 


ST MARTIN’S STREET LONDON WC2 
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ACADEMIC PRESS. London and New York 


Edited by P. M. B. WALKER 


in Cell Biology — 


Proceedings of a Symposium held at Imperial College, London 


This volume provides a survey of some fruitful lines of research, for each 
contribution is not only valuable for the special results it discusses but as an 
example of a method which may be helpful in the solution of quite unrelated 
problems. The reader will be gently led if he allows, from the opening pape 

which he may properly consider to be within the provenance of classical 2 

logy, through problems involving the biochemical approach to those methods 
for studying the chemistry of single cells, which are made possible by the use 
of elegant physical techniques. INDEX 


4 By 1. HieGer 
Carcinogenesis Beatty h 
oval Cancer ospita ondon 


February, 1961, 138 pp.. illus., 3$s. 


CONTENTS: 
Theories of Carcinogenesis. Immunological Theory of Carcinogenesis 
Carcinogens. Carcinogenesis and Chemical Structure. Carcinogenesis as a 
Multi-Stage Process. Work of Earle. of Warburg and of Cowdry. INDEX. 


The Nervous System 


University of Glasgow 
AN OUTLINE OF THE STRUCTURE AND FUNCTION —pecember, 1960. 184 pps: illus... 35s. 
OF THE HUMAN NERVOUS SYSTEM AND 
SENSE ORGANS 


Professor Wyburn’s presentation is characterized by lucidity and the 
absence of misleading over-simplification. Throughout the text care is taken 
to point out what is known, unknown, and speculative in our present know- 
ledge. The integrated discussion of structure and function and the illustrative 
drawings make The Nervous System an excellent introduction for anyone 


requiring basic knowledge of the subject. 


CONTENTS: 

The Anatomy of the Central Nervous System. Cutaneous Senses. Pro- 
prioceptors. Motoneurons. The Eye. Hearing. The Chemical Senses. The 
Speech Mechanism. The Autonomic Nervous System. Hypothalamus. Electro- 
encephalogram and Reticular Formation. The Cerebral Hemispheres and 
Consciousness. Chemical Regulation in the Central Nervous System. Blood 

Vessels and Cerebrospinal Fluid. INDEX 


Phone: WHItehall 6631 


17 OLD QUEEN STREET, LONDON, S.W. 1 111 FIFTH AVENUE, NEW YORK 3 
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17 OLD QUEEN STREET, LONDON, S.W. 1 


111 FIFTH AVENUE, NEW YORK 3 


Edited by C. H. Gray 
Department of Chemical Pathology, 
King’s College Hospital Medical School, 


Hormones in Blood 


CONTENTS: 

P. J. RANDLE and K. W. Tay or, Insulin 

Jacop’ Rospins, J. E. Ratt, and P. G. 
CONDLIFFE, Thyroid Hormones Thyrotro- 
phin. 

J. M. WALKER, Oxytocin 

J. M. WALKER, Vasopressin 

J. M. Wacker, Melanotrophin 

G. Sayers, Adrenocorticotrophin 

A. Korner, Pituitary Growth and Lactogenic 
Hormones 

M. APOSTOLAKIS and J 
Gonadotrophin 


A. LORAINE, Pituitary 


Electrolytic Dissociation 


Volume 8 of Physical Chemistry: 
A Series of Monographs = Fuired by Feu 
CONTENTS: 
Definitions of Principal Symbols. 


General Introduction. 


A. L. BACHARACH 
May, 1961. about 600 pp., illus., approx. 120s 
J. A. Loraine, Chorionic Gonadotrophin 
V. J. O'DONNELL and J. R. K. Preepy, Oestro- 
gens 
A. M. BONGIOVANNI 
Androgens 
R. V. SHort, Progestins 
C. H. Gray, N. J. HOLNess, 
GREENAWAY, Corticosteroids 
U. S. von EuLer, Catechol Amines. 
aline Noradrenaline 
RAYMOND GREENE, Retrospect and Prospect 
AUTHOR INDEX-—-SUBJECT INDEX 


and J. Darret SMITH, 


and J. M. 


Adren- 


By C. B. Monk 


University Colle ge of Wales 


HUTCHINSON and P. VAN RyYSSFLBERGHE 


March, 1961, about 340 pp., illus., 80s. 


Conductance and 


Transference Number Measurements. The Interionic Attraction Theory and its 
Application to Activity Coefficients, Conductances and Transference Numbers 
Reversible E.M.F. Cells. The Determination of Activity Coefficients from Solu- 
bility, Freezing-Point and Vapour Pressure Measurements. Partial Molal Quan- 
tities. Diffusion. Incomplete Dissociation: Part I: Conductance Methods : 
Ditfusion. Part Il: E.M.F. and pH Methods; Successive Complexity or Stability 
Constants at Constant Ionic Strength. Part II]: Spectrophotometric Methods in 
the Visible and Ultra-Violet Regions. Part IV: Methods based on Solubilities, 
Freezing-Points, lon-Exchange Resins and Solvent Extraction. Part V: Polaro- 
graphy, Raman Spectra, Nuclear Magnetic Resonance. Part VI: Reaction 
Kinetics. Part VII: Thermodynamics of Dissociation, Sizes of Ions and Ion- 
Pairs, Dissociation Constant Relationships. 
APPENDIX 


The Organic Chemistry 
of Boron 


Spring, 1961 


AUTHOR INDEX-—-SUBJECT INDEX 


By W. GERRARD 
Northern Polytechnic, London 


about 300 pp., illus., approx. 6Os 


CONTENTS: 
Esters of Boric Acid 
Acids and Derivatives. 


Triarviborons 


Attachment of Alkyl or Aryl Groups to Boron. Boronic 
Borinic Acids and Derivatives Irialkyl-(Trialkenyl-) and 


Tetraarylboron Ion. Boron-Nitrogen Compounds. Boron-Phosphorus 


Compounds. Other Developments. AUTHOR INDEX SUBJECT INDEX 


ACADEMIC PRESS London and New York 
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Three New Books 


Practical Heredity with 
Drosophila 


GORDON HASKELL 


This book will be welcomed as a useful guide 
to the study and manipulation of the fruit-fly 
(Drosophila me'anogaster Meig). \t introduces 
the student to the subject by giving a life history 
of these flies and by describing the simple 
apparatus needed for studying specimens. 

140 pages, 23 line diagrams 10s. 6d. 


The Mineral Wealth of 
Wales and its Exploitation 


TREVOR M. THOMAS 


This comprehensive survey deals with the distri- 
bution, extent, mode of occurrence and econ- 
omics of all the known mineral resources of 
Wales: coal, slates, limestones, sandstones, 
greywackes, gritstones, granites, clays, marls 
and shales, low alumina stone and coarse 
crystalline dolomites. 


248 pages, 13 half-tone plates, 48 line drawings 


Cholera: Its Pathology 
and Pathogenesis 


S. N. DE 


Professor De deals in detail with the pathology, 
pathogenesis and experimental pathology of the 
disease. The work may be regarded as com- 
pletely authoritative and up-to-date as Professor 
De has had unique experience of cholera in 
Calcutta which may now be regarded as the 
home of the disease. 

160 pages 25s. 


OLIVER & BOYD 


WANTED TO PURCHASE 
Scientific books & periodicals 


Entire libraries, and smaller collections ; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON, INC. 


111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address: BOOKJOHNS, NEWYORK 


British Office: ACADEMIC BOOKS, LTD. 


17 Old Queen St., London, S.W.1 
6631 


H K LEWIS | ESTABLISHED 1844 | 
for all books 
ON PURE AND APPLIED SCIENCE 
including 
CHEMISTRY BIOLOGY PHYSICS 
MATHEMATICS, ENGINEERING AND 
AGRICULTURE, etc 


Catalogues on application, please state interests 


H.K. LEWIS & Co. Ltd., 136 Gower Street 
Telephone] LONDON, W.C.! [EUSton 4282 


Absorption 
spectrophotometry 


By G. F. LOTHIAN, M.A., F.INST.P. 


An excellent introduction to photometric methods . . . 
Couleurs 


Can be recommended to all who have in any way to use 
absorption spectroscopy .. . a very useful book .. . 
Essential Oil Record 


Can be recommended with confidence to any person who 
requires a knowledge of spectrophotometry as an analytical 
tool. Journal of Clinical Pathology 


The most striking feature of this book is its concise nature. . . 
Indian Journal of Applied Chemistry 


A large number of useful diagrams . . . Spectrochimica Acta 


Anyone concerned with the subject . . . would be well 
advised to get this book. Journal of the Oil and Colour 
Chemists’ Association 


Very well produced. Laboratory Practice 
Pleasant to read. Science Progress 


An excellent bibliography . . . Journal of the Society of 
| Dyers and Colourists 


Price 52s. net 


HILGER AND WATTS LTD 
98 ST PANCRAS WAY LONDON NW1 


ve 

| 
| 
30s. 


It's What's Inside 
That Counts! 


Packard Tri-Carh 
Liquid Scintillation Spectrometer 


Accurately and 
automatically achieves 
the best experimental 
results presently possible 
utilizing the latest 
radioactive tracer 
counting methods for 
such materials as proteins, 
lipids, amino acids, 
tissue, body fluids, 
aqueous solutions, 
tritiated water, and 
carbon dioxide. 


In the first six months 

after the transistorized 

Tri-Carb replaced its 

vacuum-tube predecessor, 

more than a hundred 

installations were made 

in 15 countries on four continents. 

More samples of tritium, carbon-14, and 
other alpha- and beta-emitters are 

now being counted in the Packard Tri-Carb 
Spectrometer than in any other instrument. 


You will be interested in our latest bulletin, which 
shows “what’s inside” the transistorized Tri-Carb 
Spectrometer that makes it count so well . . . so reliably. 


Write or phone, requesting Bulletin 315. 
Tri-Carb Liquid Scintillation Spectrometers « Auto-Gamma Spectrometer 


Systems Fraction Collectors Flow Detectors « Ratemeters Scalers 


[Plackard Instrument Company, Inc. 


P.0.BOX 428-P,LAGRANGE, ILLINOIS, U.S.A. 


CHICAGO - ALBUQUERQUE + ATLANTA>+ BOSTON + LOS ANGELES +» NEW YORK + PHILADELPHIA - PITTSBURGH 
SAN FRANCISCO + WASHINGTON, D.C.+ ZURICH + PARIS 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at ‘‘Nature’’ Office 


Mathematics 


DEFARES, J. G., and SNEDDON, !.N. An Introduction to the Mathe- 
matics of Medicine and Biology. 9 in.» 6 in. (23 em.» 15-5 cm.). Pp. 
xii +66346 plates. (Amsterdam : North-Holland Publishing Company, 
1960.) 85s.* 

GOLDSTEIN, Sydney. Lectures on Fluid Mechanics. With special 
lectures by J. M. Burgers. (Lectures in Applied Mathematics, Vol. 2.) 
9} in. « 6h im. (23-Sem. 16cm.). Pp. xvi +309. (New York : Interscience 
Publishers, Inc. ; London : Interscience Publishers, Led., 1960.) 50s.* 

GREEN, A. E., and ADKINS, J. E. Large Elastic Deformations and Non- 
Linear Continuum Mechanics. 9} in. « 6} in. (23:5 cm.» 16 cm.). Pp 
xiii +348. (Oxford: Clarendon Press; London: Oxford University 
Press, 1960.) 55s. net.* 

KURTH, Rudolf. Axiomatics of Classical Statistical Mechanics. (Inter- 
national Series of Monographs on Pure and Applied Mathematics, Vol. | 1.) 
8) in. x 52 in. (22 em. « 15 em.). Pp. x + 180. (London and New York : 
Pergamon Press, 1960.) 45s. net.* 

LOEVE, Michel. Probability Theory. 
Mathematics.) Second edition. 9} in. 
xvi +685. (Princeton, N.J.: D. Van Nostrand Company, Inc. ; 
D. Van Nostrand Company, Ltd., 1960.) Iils.* 

RICHARDSON, Lewis F. Arms and Insecurity : a Mathematical Study 
of the Causes and Origins of War. Edited by Nicolas Rashevsky and Ernesto 
Trucco. 9} in. 6} im. (23:5 cm.» 16 cm.). Pp. xxv+307. (London : 
Stevens and Sons, Led., 1960.) 63s.* 

RICHARDSON, Lewis F. Statistics of Deadly Quarrels. Edited by 
Quincy Wright and C. C. Lienau. 9} in. « 6} in. (23-5 cm. 16 cm.). Pp. 
xlvi +373. (London : Stevens and Sons, Ltd., 1960.) 63s.* 

TEMPLE, G. Cartesian Tensors: an Introduction. (Methuen's Mono- 
graphs on Physical Subjects.) 7} in. «Sin. (19cm. 12S5em.). Pp. vii 
92. (London : Methuen and Co., Ltd. ; New York : John Wiley and Sons 
Inc., 1960.) 12s. 6d. net.* 


(The University Series in Higher 
6} in. (23-5 cm.x 16 cm.). Pp. 
London : 


Physics 


™ASPDEN, Harold. The Theory of Gravitation. S}in. (21 5em. 
4 cm.). Pp. 48. (New Eltham, London: Harold Aspden, 13! Dominic 
Drive, 1960.) np.* 

DESIRANT, M., and MICHIELS, J. L. (edited by). Solid State Physics in 
Electronics and Telecommunications : Proceedings of an International 
Conference held in Brussels, June 2-7, 1958. Vol. 4: Magnetic and Optical 
Properties, Part 2. (international Union of Pure and Applied Physics.) 
10in. « 6} in. (25-Sem. « 16em.). Pp. xvi + 559-963. (New York : Academic 
Press, Inc London : Academic Press, Inc. (London), Led., 1960.) 16 
dollars ; 6d.* 

DUQUESNE, Maurice. Matter and Antimatter. 
7h in.» 5 in. (19 12-5 em.). Pp. 12744 places. 
Books, Ltd., 1960.) Bound 10s. 6d. ; Paper Ss.* 

ENGEL, H., und THIELHEIM, K.O. Kernenergie-Technik : Einfihrung 
in die Physik und Technik der Kernenergie-Erzeugung. 8} in. 6in. (21 em 

15S cm.). Pp. 300. (Miinchen: Verlag Moderne Industrie, 1960.) 
36 D.M.* 

LEE, E. H. (edited by). Transactions of the Society of Rheology, Vol. 4. 
9 in. 6 in. (23 155 em.). Pp. ii +368. (New York: Interscience 
Publishers, Inc. ; London : Interscience Publishers, Ltd., 1960.) 75s.* 

MEISSNER, C. Robert (edited by). Vacuum Technology Transactions 
Proceedings of the Sixth National Symposium, also Cumulative Author 
and Subject indexes of 1954-1959 Symposia. (American Vacuum Society, 
Inc.). in.» in. QB em. «22 cm.). Pp. xvi +335. (London and New 
York : Pergamon Press, 1960.) 120s. net.* 

MENZEL, Donand H. (edited by). The Radio Noise Spectrum. 9) in 
6} in. (24 cm. « 16 em.). Pp. viii +183. (Cambridge, Mass.: Harvard 
University Press ; London : Oxford University Press, 1960.) 60s. net.* 

REDWOOD, Martin. Mechanical Waveguides The Propagation of 
Acoustic and Ulerasonic Waves in Fluids and Solids with Boundaries 

Shin. QQ2 em. « 14 em.). Pp. ix +300. (London and New York 
Pergamon Press, 1960.) 50s. net.* 

ROSSEL, Jean. Physique Générale 
Fin. 6hin. l6cm.). Pp. 486 
Paris Diffusion Dunod, 1960.) n.p.* 

SCHMIDT, Karl Rudolf. Nutzenergie aus Atomkernen : Einfiihrung in 
Physik und Technik von Kernreaktor und Atomkraftwerk, Band 2. Mic 
Beitragen von Hans Gunter Heitmann, Bernd Logermann, und Dr. Ludwig 
Schreier. 94 in. «7 in. (24 em... 18 em.). Pp. viii + 595-1337. (Berlin 
Walcer de Gruyter und Co., 1960.) 1240.M.* 

SLATER, John C. Quantum Theory of Atomic Structure, Vol. 1. (Inter- 
national Series in Pure and Applied Physics.) Yin. 6in. 15-Sem.) 
Pp. xv 502. (New York McGraw-Hill Book Company. Inc London 
McGraw-Hill Publishing Company, Ltd., 1960.) 85s. 6d.* 


(Arrow Science Series.) 
(London: Arrow 


(Bibliothéque Scientifique, Nr. 36.) 
(Neuchatel : Editions du Griffon 


Engineering 


(23 cm 15:5 em.) 


Structural Concrete. 9 in. 6 in 
New York: St. 


(London Macmillan and Co., Ltd 
Martin's Press, Inc., 1960.) 84s. net.* 

BOLEY, BrunoA., and WEINER, Jerome H. Theory 
9! 6 in. (235 15-5 cm.). Pp. xvi + 586 
Wiley and Sons, Inc London : John Wiley and Sons 
dollars ; 124s.* 

BOYD. John (edited by) 

of the American Society of L 
21 cm.) Pp. iv + 159-258 
1960.) SOs ner.* 


BILLIG, Kurt 
Pp. xx + 1020 


of Thermal Stresses 
(New York John 
Lrd., 1960.) 15.50 


A.S.L.E. Transactions, Vol. 2, No.2. (A publica- 
brication Engineers.) tts in. . 8} in 
(London and New York Pergamon 


CHORAFAS, Dimitris N. Statistical Processes and Reliability Engineer- 
ing. Yin. «6in. Q3.cm.x 1SS5cm.). Pp. xiv+438. (Princeton, NJ 
D. Van Nostrand Company, Inc. ; London: D. Van Nostrand Company 
Led., 1960.) 96s.* 

ETERMAN, |. |. Analogue Computers. Translated from the Russian 
by G. Segal. Translatiqn edited by B.H. Venning. 8] in. « 5} in. (22cm. 

Pp. ix +264. (London and New York : Pergamon Press, 1960.) 


Fundamentals of Digital Instrumentation. 6 in. - 6 in. 
15-S cm.). Pp. vit+39. (London: Hilger and Watts, Led 
7s. 6d.* 

MATHESON, J. A. L., and FRANCIS, A. J. Hyperstatic Structures : an 
Introduction to the Theory of Statically Indeterminate Structures, Vol. 2. 
With chapters by Dr. N. W. Murray and Dr. R. K. Livesley. 9] in. - 6} in 
(25 cm. « 16em.). Pp. xi + 282. (London : Butterworth Scientific Publica- 
tions, 1960.) 60s.* 


Chemistry : Chemical industry 


ADDENDUM 1960 TO THE BRITISH PHARMACOPOEIA 1958. 9 in 
6 in. (23 cm. 15-5 cm.). Pp. xxi+83. (London: The Pharmaceutica 
Press, 1960. Published for the General Medical Council.) 30s. net.* 

ANTROPOV, L. I. Kinetics of Electrode Processes and Null Points of 
Metals. 8} in. « S} in. (22em.» 1Scem.). Pp. x +94. (New Delhi Council 
of Scientific and Industrial Research, 1960.) Rs.5 00 ; 7s. 6d.* 

BURROWS, G. Molecular Distillation. (Monographs on the Physics 
and Chemistry of Materials.) 8} in. - 5S} in. (22 cm.» 1S cm.). Pp. wiii+ 
214+4 plates. (Oxford : Clarendon Press ; London : Oxford University 
Press, 1960.) 35s. net.* 

BUSEV, A.1I., and POLIANSKII, N.G. The Use of Organic Reagents in 
Inorganic Analysis. Translated from the Russian by J. T. Greaves. 8) in 
52 in. Q2 em. 1S cm.). Pp. vi +76. (London and New York : Pergamon 
Press, 1960.) 2is. net.* 

CASEY, James P. Pulp and Paper : Chemistry and Chemical Technology. 
Vol. | Pulping and Bleaching. Second edition, revised and enlarged 
9 in. 6 in. 15-5 em.). Pp. xix +675. (New York : Interscience 
Publishers, Inc. ; London: Interscience Publishers, Ltd., 1960.) 147s.* 

EYRING, H. (edited by). In association with CHRISTENSEN, C. J.. and 
JOHNSTON, H.S. Annual Review of Physical Chemistry, Vol. 11. 9 in 

6 in. (23 cm. x 15-5 cm.). +587. (Palo Alto, Calif Annua! 
Reviews, Inc., 

HAMILL, William H., and WILLIAMS, Jr., Russe! R 
Chemistry. 9in. «6in. Pp. x 
London : Oliver and Boyd, Ltd., 1960.) 30s. net.* 

LEICESTER, Henry M. (edited by). Chymia 
History of Chemistry, Vol. 6. 9} in. 6} in. (23-5 em 
(Philadelphia: University of Pennsylvania Press 
University Press, 1960.) 40s. net.* 

LINNETT, J. W. Wave Mechanics and Valency 
on Chemical Subjects.) 7} in. «5 in. (19 cm. 
(London : Methuen and Co., Ltd.; New York 
Inc., 1960.) 18s. net.* 

ORGEL, Leslie E. 
Ligand-Field Theory 
Methuen and Co., Led. ; 
25s. net.* 

PROCEEDINGS OF THE FOURTH CONFERENCE ON CARBON 
held at the University of Buffalo, Buffalo, New York 10} in.» 7 in 
(26 cm. 18 cm.). Pp. xii +778. (London and New York: Pergamon 
Press, 1960.) 150s. net.* 

RAPHAEL, Ralph A., TAYLOR, Edward C., and WYNBERG, Hans 
(edited by). Advances in Organic Chemistry : Methods and Results 
Vol. 2. 9in. 6in. (23cm. 1S-Sem.). Pp. vii+ 504. (New York : Inter- 
science Publishers, Inc. ; London: Interscience Publishers, Ltd., 1960.) 
113s 

SCHAY, Géza. Theoretische Grundlagen der Gaschromatographie 
(Physikalische-chemische Trenn- und Messmethoden, Band 3.) 9} in 
6} in. (23-5 cm.» 17 cm.). Pp. viii + 267. (Berlin : Deutscher Verlag de 
Wissenschaften, 1960.) 29-80 D.M.* 


Principles of Physica! 
607. (Edinburgh and 


Annual Studies in the 
16cm.). Pp. 210 
London Oxford 


(Methuen's Monographs 
12-5 cm.). Pp. xii + 184 
John Wiley and Sons 


An Introduction to Transition-Metal Chemistry 
Bh in. Shin. (21-Sem.« l4em.). Pp. 180. (London 
New York : John Wiley and Sons, Inc., 1960.) 


Technology 


DRUNBERG, A. Ya., GUREVICH, E. S., and TIKHOMIROV, A. Vv 
Technology of Non-Metallic Coating. Translated from the Russian and 
edited by E. Bishop. 9) in. - 6} in. (25 cm.» 16 em.). Pp. xwi~ 53 
(London and New York : Pergamon Press, 1960.) 80s. net.* 

LIVSHITS, A. L. Electro-Erosion Machining o} Metals. Translated by 
E. Bishop. Edited by R. S. Bennett. 8} in.» 5) in. (22 em. 14 em.) 
Pp. xi+ttS. (London: Butterworth and Co. (Publishers), Ltd., 1960.) 
30s.* 

NICHOLLS, C. M. (edited by). Technology, Engineering and Safety 

(Progress in Nuclear Energy, Series 9} in.» 6 in. (23 5 
Pp. viii + 4484 xii. (London and New York: Pergamon 
Press 105s. net.* 

OETTINGER, Anthony G. Automatic Language Translation 
and Technical Aspects, with particular reference to Russian. 
Monographs in Applied Science, No. 8.) 9} in. - 6! in. (23 S5cm 
Pp. xix+ 380. (Cambridge, Mass Harvard University Press 
Oxford University Press, 1960.) 80s. net.* 

SMITH, R. N. Radiography for the Veterinary Surgeon. 9 in. « 5; tr 
(23 em. . 1S em.). Pp. iv+68. (Bristol : John Wright and Sons, Lt 
1960.) 13s. 6d.* 

WILSON, Ronald E. Two Hundred Precious Metal Years : a History of 
the Sheffield Smelting Company, Limited, 1760-1960 9) in 6! ir 
(23-5 cm 16 cm.). Pp. xxii + 316 + 54 illustrations. (London Ernest 
Benn, Led., 1960.) 63s. net.* 
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General Biology : Natural History 
Zoology : Botany 


A Book of Dolphins. 8} in. 5} in. (21 em. 14 


ALPERS, Antony 
(London : John Murray (Publishers), Ltd., 


cm.). Pp. v + 147+ 15 plates. 
1960.) 15s. net.* 

ARY.S.,and GREGORY, M. The Oxford Book of Wild Flowers. Illustra- 
tions by B. E. Nicholson. 9} in. «7 in. (25 cm. » 18 em.). Pp. viii + 232 
(London : Oxford University Press, 1960.) 30s. net.* 

ATKINS. Hedley J. B. (edited by). Tools of Biological Research Second 
Series. 8} in. 5} in. (22cm. 1Sem.). Pp. xii+ 175. (Oxford : Blackwell! 
Scientific Publications ; Springfield, Ill.: Charles C. Thomas, 1960.) 
37s. 6d. net.* 

DAGLISH, Eric Fitch. Name This Insect. 
(185 cm 11-5 cm.). Pp. xxvi+ 294 (64 plates). 
and Sons, Led., 1960.) 21s. net.* 

DEVELOPMENTS IN INDUSTRIAL MICROBIOLOGY, Vol. | : Proceed- 
ings of the Sixteenth General Meeting of the Society for Industrial Micro- 
biology, held at State College, Pennsylvania, August 30-September 3 
1959. 10 in. - 64 in. (25:5 cm. = 165 cm.). Pp. ix+ 267. (New York 
Plenum Press, 1960.) 7.50 dollars.* 

DONATH TIBOR. Erlauterndes Anatomisches Worterbuch : Vergleich- 
ende Ubersicht der Baseler, Jenaer und Pariser Nomenklaturen. Grup 
piert nach Organen. 9} in. « 6} in. (24cm. 17 cm.). Pp 538. (Budapest 
Terra, Verlag Medicina, 1960.) 50s.* 

DUFFY, E. A. J. A Monograph of the Immature Stages of Neotropica! 
Timber Beetles (Cerambycidae). 10 in. 7} in. (255 185 cm.) 

vi+327+13 plates. (London British Museum (Natural History) 
126s.* 

HILL, W.C. Osman 
Vol. 4. Cebidae, Part A 
523 + 36 plates. (Edinburgh 
by Thomas Nelson and Sons, Ltd.). 189s 

HUMPHRYS, L. G. Wonders of Life. Book |. Pp. ix +160 
Book 2. Pp. ix + 176-4 plates. 7} in. in. (19 cm.» 14cm.) 
and Glasgow : Blackie and Son, Ltd., 1960.) 9s. 6d. each.* 

LEUTSCHER, Alfred. Tracks and Signs of British Animals. 8 in Si in 
(20 cm.» 13 cm.). Pp. 252+5 plates. (London: Cleaver-Hume Press 
Ltd., 1960.) 16s. net.* 

TANNER. J. M. (edited by). Human Growth. (Symposia of the Society 
for the Study of Human Biology, Vol. 3.) 8] in. - 5} in. (22 cm. - 15 cm.) 
Pp. vii 120. (London and New York : Pergamon Press, 1960.) 30s. net.” 

VANDEL, Albert. lsopodes Terrestres (Premiére Partie). (Faune de 
France, Nr. 64.) 9] in. « 6} in. (25 cm 16 cm.). Pp. ii+ 416. (Paris 
Editions Paul Lechevalier, 1960.) 105 N.F.* 

VON VIETINGHOFF-RIESCH, Arnold 
giis L.). (Monographien der Wildsaugetiere, Band 14.) 
(24 cm. «17 em.). Pp. vii + 196. Gena: Gustav Fischer Verlag 
29 10 D.M.* 

VOOUS, K. H. Atlas of European Birds. 14 in 
265 cm.). Pp. 284 (419 maps and 355 gravure plates) 
London : Thomas Nelson and Sons, Ltd., 1960.) 70s. net.* 

WHITEHEAD. G. Kenneth (compiled by). The Deer Stalking Grounds 
of Great Britain. 10 in. 7} in. (255 em. «19 cm.). Pp. xviii - 38 
iflustrations. (London : Hollis and Carter, Led., 1960.) 126s. nec.* 


Revised edition. 7} in. 4) in 
(London : J. M. Dent 


Primates : Comparative Anatomy and Taxonomy 
10} in. » 7} in. (26 em. « 18-5 cm.). Pp. xxi 
At the University Press, 1960. Distributed 

net.* 
4 plates 
(London 


Der Siebenschiafer lis 
94 in. 6) in 
1960.) 


10} in. (35:5 cm 
(Edinburgh and 


Agriculture : Horticulture : Forestry 

CHILDERS, Norman Franklin. Modern Fruit Science: Orchard and 
Small Fruit Culeure. Second edition. 9} in. 6} in. (23 em. cm.) 
Pp. xv 893. (New Brunswick, NJ. : Horticultural Publications, Rutgers 
University, 1961.) 7.50 dollars. 

DUNCAN, D. L., and LODGE, G. A. Diet in Relation to Reproduction 
and the Viability of the Young, Part 3: Pigs. (Commonwealth Bureau of 
Animal Nutrition Technical Communication, No. 21.) 10 in 74 in. 
(255 em.» 19 em.). Pp. vii+ 106. (Farnham Royal, Slough : Common- 
wealth Agricultural Bureaux, 1960.) 20s.* 

FRASER, Allan. Animal Husbandry Heresies. 8 in. . 5} in. (20 cm 
13. em.). Pp. 200. (London: Crosby Lockwood and Son, Ltd., 1960.) 
16s. net.* 

HAMMOND, Sir John. Farm Animals 
Inheritance. Third edition. 84 in. 54 in. (21-5 cm. 14cm.). Pp. vu 
322. (London : Edward Arnold (Publishers), Led., 1960.) 28s. net.* 

WATSON, Stephen J., and NASH, Michael J. The Conservation of Grass 
and Forage Crops. Second enlarged edition. 10 in. » 6} in. (255 cm 
165 em) Pp. xiv. 758. (Edinburgh and London: Oliver and Boyd 
Led., 19e:) 84s. net.* 


Their Breeding, Growth, and 


Biochemistry : Physiology 


(International 
Modern 
16 cm.). 

1960.) 


FLORKIN., M. (edited by). Aspects of the Origin of Life 
Series of Monographs on Pure and Applied Biology. Division : 
Trends in Physiological Sciences, Vol. 6.) in.» 6} in. (25-Sem 

199 5 plates. (London and New York : Pergamon Press 

FOURMAN, Paul Calcium Metabolism and the Bone. 9 in. . 6 in 
cm 15-Scm.). Pp. 325. (Oxford : Blackwell Scientific Publications 
Springfield, It! Charles C. Thomas, 1960.) 37s. 6d.* 

FULLER, John L., and THOMPSON, W. Robert. Behavior Genetics 
9i in 6in. (23 Sem 1S Scm.). Pp.ix + 396 (New York John Wiley 
and Sons, Inc. ; London : John Wiley and Sons, Ltd., 1960.) 8.95 dollars 
72s.* 

LEONARD, Ellis P. Orthopedic Surgery of the Dog and Cat. 10 in 
6) in. 25:5 em. 165 em.). Pp. xii +296. (Philadelphia and London 
W. B. Saunders Company. 1960.) 87s. 6d.* 

NORD, F. F. (edited by) Advances in Enzymology and Related Subjects 
of Biochemistry, Vol. 22. 9} in. . 6} in. (23-5 cm. « 16 cm.). Pp. v + 567 
(New York Interscience Publishers, Inc London Interscience Pub- 

shers, Ltd., 1960.) 105s." 

PAUL, John. Cell and Tissue Culture. Second edition. 8} in.» 5? in 
(22 cm.- 15 em.). Pp. xi +3124 14 plates. (Edinburgh and London 
E_ and S. Livingstone, Ltd., 1960.) 32s. 6d. net.* 
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PUTNAM, Frank W. (edited by). The Plasma Proteins. Vol. 2: Bio- 
synthesis, Metabolism, Alterations in Disease. 9 in.» 6 in. (23 cm.» 
155 cm.). Pp. xv +518. (New York: Academic Press, Inc. ; London 
Academic Press, Inc. (London), Ltd., 1960.) 14.50 dollars.* 

SIMEONS, A. T. W. Man's Presumptuous Brain: an Evolutionary 
Interpretation of Psychosomatic Diseases. 8} in. « 5] in. (22 cm. « 15 em.) 
Pp. xii + 281. (London : t.ongmans, Green and Co., Led., 1960.) 25s. net.* 

SZENT-GYORGYI, Albert. Introduction to a Submolecular Biology. 
8; in. 5} in. (22 em. 15 cm.). Pp. xi + 135. (New York: Academic 
Press, Inc. London Academic Press, Inc. (London), Led., 1960.) 5 
dollars. * 

WOLSTENHOLME, G. E. W., and O'CONNOR, Cecilia M. (edited by). 
Ciba Foundation Colloquia on Endocrinology. Vol. 13 : Human Pituitary 
Hormones. 8} in. 5) in. (21 cm. «14 cm.). Pp. xii + 336. (London : 
J. and A. Churchill, Ltd., 1960.) 50s. net.* 

WRIGHT, S.E. The Metabolism of Cardiac Glycosides : a Review of the 
Absorption, Metabolism and Excretion of Clinically Important Cardiac 
Glycosides. (A Monograph on American Lectures in Biochemistry and 
Biophysics.) 9 in. 6 in. (23 cm. cm.). Pp. viii + 86. (Springfield, 
iit. : Charles C. Thomas ; Oxford : Blackwell Scientific Publications, 1960.) 
38s. net.* 


Anthropology : Archzology 


BRADDOCK, Joseph. The Bridal Bed. 8) in. « 5} in. (22 cm. « 1S cm.) 
Pp. 189 8 plates. (London: Robert Hale, Led., 1960.) 18s. net.* 

BURRIDGE, Keneim. Mambu: a Melanesian Millennium. 8] in 
5) in. (22 em. 1S em.). Pp. xxiii + 296+ 17 plates. (London: Methuen 
and Co., Ltd., 1960.) 42s. net.* 

EVANS, Clifford, and MEGGERS, Betty J. Archzological Investigations 
in British Guiana. (Smithsonian Institution : Bureau of American Ethnology. 
Bulletin No. 177.) 9 in. 6 in. (23 cm.). Pp. xxi + 418+ 68 
plates. (Washington, D.C. : Government Printing Office, 1960.) n.p.* 

MAN, RACE AND DARWIN : Papers read at a Joint Conference of the 
Royal Anthropological Institute of Great Britain and Ireland and the 
Institute of Race Relations. With an Introduction and Epilogue by Philip 
Mason. 8) in. . 5) in. (22cm... 15 em.). Pp. vi + 149. (London and New 
York : Oxford University Press, 1960.) 18s. net.* 


Philosophy : Psychology 


ADCOCK, C.J. Fundamentals of Psychology. Second edition, revised 
and reset. 7i in. Sin. (19em.. 125em.). Pp. 220. (London: Methuer 
and Co., Ltd., 1960.) 12s. 6d. net.* 

PIERON. Henri, FESSARD, Alfred. et FRAISSE, Paul (Directeurs) 
L'Année Psychologique 1960, Fascicule |. Soixantiéme Année. 9 in 
Si in. (23 cm. « 14 cm.). Pp. vii +294. (Paris: Presses Universitaires de 
France, 1960.) 18 N.F.* 

QUARELLI, Elena. Socrates and the Animals. Translated from the 
italian by Kathleen Speight. 7) in.» 5 in. (19 125 em.). Pp. 160 
(London : Hodder and Stoughton, Ltd., 1960.) 12s. 6d. net.* 

STUART, Harold C., and PRIGH. Dane G. (edited by). The Healthy 
Child : His Physical, Psychological and Social Development. 9} in. » 6} in 
(24 em 16cm.). Pp. xiv 507. (Cambridge, Mass. : Harvard University 
Press ; London : Oxford University Press, 1960.) 80s. net.* 

TANNER, J. M., and INHELDER, Barbel (edited by). Discussions on 
Child Development : a Consideration of the Biological, Psychological, and 
Cultural Approaches to the Understanding of Human Development and 
Behaviour, Vol. 4. (Proceedings of the Fourth Meeting of the World 
Health Organization Study Group on the Psychobiological Development 
of the Child, Geneva, 1956.) 8} in. « 5} in. (22 em.» 1S em.). Pp. xiii 
186. (London : Tavistock Publications, Ltd., 1960.) 30s. net.* 


Miscellany 


FRENOT, G. H., and HOLLOWAY, A. H. (edited by). AGARD Aero- 
nautical Multilingual Dictionary. 10} in. 7} in. (26 cm. 185 Pp 
xix + 903. (London : Pergamon Press, 1960. Published for and on behalf 
of Advisory Group for Aeronautical Research and Development, North 
Atlantic Treaty Organization.) 140s. net.* 

HENDERSON, I. F., and HENDERSON, W.D. A Dictionary of Scientific 
Terms Pronunciation, Derivation, and Definition of Terms in Biology 
Botany, Zoology, Anatomy, Cytology, Genetics, Embryology, Physiology 
Seventh edition by Dr. J. H. Kenneth. 9 in.» 6 in. (23 cm. ~ 18-5 em.) 

(Edinburgh and London: Oliver and Boyd, Ltd., 1960.) 


JAHODA, Marie. Race Relations and Mental Health. 8! in. 
.« 13em.). Pp. 48. (Paris : UNESCO ; London 
1960.) 1.75 2s. 6d 0.50 dollars. * 

. W. Rowland. Diary of a Misfic Priest. 8) in. ~ 5) in. (22 em 
Pp. 191 +7 plates. (London: George Allen and Unwin, Ltd 
25s. net.* 

McCORD, William, and McCORD, Joan Origins of Alcoholism 
(Stanford Studies in Sociology, |.) 8) in. Si in. (22 cm. «14 em.). Pp 
xi + 193. (London : Tavistock Publications (1959), Ltd. 1960.) 35s. net.* 

MENZLER, F.A.A. The First Fifty Years, 1910-1960: an Appreciation 
8} SP in. (22 cm. 15 em.). Pp. x» 166. (London: The Institute of 
Actuaries Student's Society, 1960.) 25s.* 

OFFEN, K. Allan. Adventure to Motherhood: The Picture-Story of 
Pregnancy and Childbirth. 7) in.» 54 in. (19 cm... 14 em.). Pp. 72 
(Miami, Florida Audio Visual Education of America, Inc., 1960.) 
dollars. * 

SCHMIDT, Georg, und SCHENK, Robert (herausgegeben von). Kunst 
und Naturform. (Form in Art and Nature.) Ji} in.» 94 in. (28-5 em 
24cm.). Pp. 134. (Basel: Basilius Presse, A.G., 1960.) 68 francs.* 

SIMEY. T.S., and SIMEY,M.B. Charles Booth : Social Scientist. 8) in 
5} in. (22 em. « 1S cm.). Pp. x+282. (London : Oxford University Press 
1960.) 30s. net.* 

STANLEY, Arthur. A Backroom Boy. 8} in. - 5} in 
Pp. vi+ 106. (Belfast : W. Erskine Mayne, Led.. 1960.) 10s. 6d.* 

STYLE MANUAL FOR BIOLOGICAL JOURNALS Prepared by the 
Committee on Form and Style of the Conference of Biological Editors 
6 in. 15:-S5em.). Pp. 92. (Washington D.C Amer 
can Institute of Biological Sciences, 1960.) 3 dollars.* 
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CONTROL & 
STABILITY 


ELECTRON 
MICROSCOPY 


S-E-T Type TV 501 


A reliable control triode for 
accurate stabilisation and 
control of high voltages 


Va max 
la max 


Wamax — 


70,000 volts 
1,500 ma 
1,200 watts 


SOLUS ELECTRONIC TUBES LIMITED 


15/18 Clipstone St., London WI MUSeum 5080 


= 


Oxygen 


ENRICHED WATER 
1.5 to 97% O-18; up co 4.0% O-17 
GAS and LABELLED COMPOUNDS 
Based on the research of the : 
tsotope Departmen’, Weizmann Institute of Science 
Sold by: YEDA Research and Development Co. Ltd. 
REHOVOTH, ISRAEL 


BACK ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


ALWAYS BY: 
We. DAWSON SONS, 
Back Issues DEPT., 
16 STREET., 
FARNHAM, SuRREY, ENGLAND. 


Tel: FARNHAM 4664 


LTD., 


CABLES: DAWBOOKS. FARNHAM 


SPICER’S ZIRCONITE 

MACHINABLE REFRACTORY 
® SOLVES A LOT OF PROBLEMS 
¢ SAVES A LOT OF TIME 


Machinabie Alumina now evariadie 


W. & C. Spicer Ltd., Tne Grange, Kingham, Oxon. 


TELEPHONE: KINGHAM 307 


pRTZ Glas. 


TRANSPARENT 
HIGH PURITY 


TUBING, RODS AND LABORATORY 
ITEMS FROM STOCK 


Qv 


x DELIVERIES GUARANTEED 


ONE TO TWO WEEKS 
FROM 


KAREL HACKL 
211 Sumatra Road, London, N.W.6 


Telephones: 


2 


SWISS COTTAGE 5656-8 
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PORT WINDOW 
OF SECTIONS” THE ‘PEARSE’ COLD 
ORIFICE FOR “SR MICROTOME 


MARK I! 
ANTI-ROLL - RESETTING CONTROL 


CONTROL The Original Refrigerated 
NON-DISTORT Microtome With All 
ING FRAMED External Controls 


PERSPEX 
CONTROL 
From fresh tissue to mounted stained \ \S 
sections in 3 minutes. : <= 


MICROTOME 


FEATURES 


Cuts sections down to | micron. 
Serial sections cut at 3 microns. ’ 
Entirely remotely controlled. : J 
Thermostatic control between —5° C. and — 30 C. 

INSULATED: 


For ultra-thin sections and friable tissues knife blade “NIGHT 
cooled to —50° C COVER 


Cuts freely at all temperatures ; will not rust 
Instant availability for rapid biopsies. 
Low initial cost and minimum operating attention. 


SLEB 
CASTOR 


SOUTH LONDON ELECTRICAL EQUIPMENT CO. LTD. WHEEL< 


LANIER WORKS, HITHER GREEN LANE, LONDON, S.E.13 
Telephone: LEE Green 48146 Telegrams SLEECO, LONDON 


FRIGIDAIRE 
UNIT 


ADVERTISING RATES IN NATURE 


Owing to the increase in the costs of production, the advertising rates for NATURE 


will go up from Ist April, 1961. 
All orders received for insertion before that date will be invoiced at the current rates. 


REVISED ADVERTISING RATES COMMENCING Ist APRIL, 1961 
| Insertion 6 Insertions 13 Insertions 26 Insertions $2 Insertions 
@ per in @ per in @ pei in 
£44 0 0 £40 0 O £36 O 
24 0 0 22 0 O 20 O 
13 0 0 0 0 11 O 
700 610 0 6 0 
310 0 > 


Whole page 
Half page 
Quarter page 
Eighth page 
Sixteenth page 
CoLour: Orange £15 extra, Standard Blue or Green £20 extra, other 
colours by arrangement. 
Guaranteed positions. 
Front Cover .. £15 per page extra 
Inside Covers, First Right Hand Page, Facing Matter mB —" 
(and pro rata) 
Other Stipulated Pages... .. £3 per page extra 
(and pro rata) 


CLASSIFIED ADVERTISEMENTS 


are charged at 18s. for the first two lines and 6s. per line after (lines containing words in 
capitals count as two lines). Average six words to a line. Is. is charged for the re-direction 
of replies to advertisements with a box number. Semi-display £4 16s. per single column inch. 

All advertisements are subject to space being available and to the approval of the 
Proprietors, who reserve the right to refuse publication. 
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the ZEISS Spectrophotometer PMQII 


A Universal instrument for 
chemical analysis with: — 
Flame attachment 
Remittance attachment RA 2 and RA 3 | ZEISS | 


Fluorescence attachment ZPM 
Chromatogram attachment 
Microcell attachment . Tubular cell 


Illustrated booklets of the range 
of ZEISS photometer equipment from: 


eqenbaedt 


6, Cavendish Square, London, W.! 
Telephone: LANgham 6097/8'9 


HOSLAB | ZENIT 
Regd. Trade Mark ENIT 
Laboratory Equipment | 


(REGO. TRADE-MARK) 
| 


of Transformers 


LABORATORY PSF 


Open shell type 
transformers from 
S VA up to 5 kVA to 
B.S.S. 171/36, core 
type single phase and 


hree hase, al 
immersed, are in- 


cluded in our range. 
May our. engineers 
mm assist vour designer 
to solve that “one 
off” problem ? 


For details, write or visit 


HOSPITAL AND LABORATORY SUPPLIES LTD. 
12 CHARTERHOUSE SQUARE The ZENITH ELECTRIC CO. Ltd. 


LONDON, E.C.1 ZENITH WORKS, VILLIERS RD., WILLESDEN GREEN 
LONDON, N.W.2 
Phone ; WiLiesden 6581-5 Grams : Voltaohm, Norphore, London 


COMPLETE LABORATORY FURNISHERS MANUFACTURERS OF ELECTRICAL EQUIPMENT 


INCLUDING RADIO AND TELEVISION COMPONENTS 


Telephones: Clerkenwell 4840, 794 
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GRINDING, MIXING 
in our unique AGATE MACHINES 


@ NO CONTAMINATION IN TONS TO MILLIGRAMS 
@ SAVES TIME IN MESHES TO MICRONS 
@ SAVES MONEY 
CONTINUOUS 
CONE-GRINDER 
For use with Electron Microscopy, Infra red , 
Spectroscopy, X-ray Diffraction Studies, Powder 
Metallurgy: also applications in Biochemistry, 
Agricultural and Horticultural Research and 
Preparation of Research Materials 
for Production, in mines and factories MECHANICAI 
MORTAR MACHINE 
We are long-established makers of : x 4 
DIAMOND METAL BONRED SAWS, GRINDING 
WHEELS and CORE DRILLS made to any 


required dimensions and uses. : MULTIPLE 
: MICRO-MILL 


Over a century of stonecutting experience 

AGATE & GENERAL STONECUTTERS LTD. | 
25 HATTON GARDEN, LONDON, E.C.1, 


ENGLAND 
Phone: EDGware 2558 


(PATENTS PENDING) 


High Performance ELECTROMAGNETS 
and Power Supplies 
RUGGEDNESS 


4” Electromagnet Type A (4” pole diameter) 

Fields up to 25,000 gauss. 

Homogeneity of at least | part in 10° in $ cc 
ROTATION 

Rotating Base Type AE 

360° scale. 

Positive friction lock 
STABILITY 

Current-Stabilized Power Supply Unit Type B 
Also available: 


14” Electromagnet Type C—for Teaching purposes. 
7” Electromagnet Type E—for Electron Resonance 


Work, 

8” Electromagnet Type D—for Electron Resonance 
and Nuclear Magnetic 
Resonance Work. 

Direct Reading Magnetometer Type G. 

Proton Resonance Magnetometer Type P. 


NEWPORT 
INSTRUMENTS 


(SCIENTIFIC & MOBILE) LTD 
3 CRAWLEY ROAD, NEWPORT PAGNELL, BUCKS 


Telephone ;: Newport Pagnell 401/2 
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of wire-wound 
components 
under vacuum 


RESIN 
IMPREGNATION 


N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 Ibs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS Tel: Accrington 35611-2 


SILICONE RUBBER 


TUBING, BUNGS, STRIP, WASHERS, 


BOTTLE CAP LINERS & MOULDINGS 


WING to persistent inflationary MADE TO SPECIFICATION 
trends resulting in higher costs of 
labour and raw materials we find it ESCO (RUBBER) LTD 
necessary to revise prices of the Scorah 34/36 Somerford Grove, London, N.16 
blowpipe and Scorah water still as 
under: "W '@t is the Registered Trade Mark of 
° GURR S GEORGE T. GURR, LTD. 
Oxy-coal-gas blowpipe Since 915 “GURR'S™ brand of MICROSCOPICAL STAINS and 
Automatic Water Sti ] Ask for cotciogues 
(Standard model with een GEORGE T. GURR LTD. 
voltages 200-250 ac.) NEW KINGS ROAD, LONDON, S.W.6 


The prices of these items have beea If you are interested in 

maintained stable since September, BLOOD BANKS 

and regretting the ask for particulars of 

of the present increase we feel con- 

fident users will recognize that they THE BRENTWOOD 

still represent good value as the high ROBERT C. SCUTT LTD. 
Designers and sole manufacturers of 


of workmanship Blood Banks, 
47 STATION ROAD, WINCHMORE HILL 
L. V. D. SCORAH, M.Sc. LONDON, N.21. LABurnum 6262 
44 Northfield Road, BIRMINGHAM, 30. 
hone KINgs Norton 1885 attention by one of our Directors. 
P ” Export Enquiries to: Dodwell & Co. Ltd., 


18 Finsbury Circus, London, E.C.2. 
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2 Tough Accurate and 
Versatile Mcleod Gauge 
for Industry -simple to 
Clean and maintain 


bigs 


NOTE THESE FEATURES 

Completely demountable; Capillaries replaced in less than a 
minute. 

Replacement of Capillaries and Mercury without re-calibration. 
Robust and accurate with a range of 150 mm. to 0.00! mm. Hg. . 
Simple and quick to operate. 

Mercury returns instantly to reservoir after recording. 

Safe, easily maintained, completely dependable in use. 
Alternative versions for bench or tank mounting. 


Prices on request. 
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muffles for 


a better job 


Wild-Barfield laboratory tube muffles have been 
specially designed for use in analytical and works 
laboratories. They have many uses including 
critical point determinations. Temperature range 
is up to 1050 C (1922 F). Models are available 


from stock. Write for details. 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 


Oscillation Broadening of Lines from 
lonized Elements in Stellar Spectra 


THe well-known sources of line-broadening in 
stellar spectra may be summarized in two maim 
“roups. (1) Broadening resulting from the finite 
length of the wave-trains emitted by the atoms. The 


length is determined by (a) the finite life-time of the 
excited level, that is, radiation damping. and by (+) 
abrupt phase-changes in the emitted wave caused by 
perturbations of the emitting atoms by other particles, 
that is. collision damping and Stark effect (2) 
Broadening resulting from Doppler effect of different 
types. The Doppler velocities may be of a random 
character, for example, thermal or turbulent motions 
of emitting atoms, resulting m a line 
vaussian shape, or the broadening may result from 
the mtegration of contributions to the line from 
different paris of a rotating star, an expanding yas 
shell or a pulsating star. In addition, broadening or 
splitting of lines by magnetic tields (Zeeman effect ) 
and by coupling between the nuclear spim and the 
angular momentum of the electrons of the emitting 
atom (hyperfine structure) can occur 

The aim of this communication :s to direct attention 


to a broadening mechansm which has not been 
mentioned im the literature. 
Abrupt disturbances introduced in a plasma will 


oscillations at. or near, the 


To a first approximation, the 


vive rise to 
Langnuur frequency. 
electrons will perform harmonic, linear oscillations 
about a position of equilibrium, with a linear velocity 
the 
electrons themselves. 

It will be shown in a subsequent paper (in prepara 
tion) that ions in the field set up by the electrons will 
oscillate with the same frequency as the electrons 


and with a maximum velocity 


Z.2 
4.1,840° 


e COS Where w, ~ Langmuir frequency, 


restoring foree being the field set up by the 


where Z is charge of ion m units of electronic charge 
and A is mass of ion relative to the mass of the 
hydrogen atom. 

This means, if the state of excitation of the oscillat - 
ing ions is such that they give rise to an absorption or 
emission line, the observed line will, in addition to 
the width determ'ned by the well-known 
mentioned show a broadening 
Doppler velocities of the form V SIN 

This broadening effect is proportional (1) to the 
oscillatory velocity of the electrons (or, to the 
magnitude of the oscillations) and (2) to the charge to 
mass ratio of the ions in question. 

The line profile may be determined qualitatively 
by treating the phenomenon as a frequency modulated 
signal at a rest-frequency with a modula 
tion frequeney @, (the Langmuir frequency) and a 


sources 


above, caused by 


modulation index 4% resulting im a= line 


protile of 


pattern consisting of frequency components Cent red 

The amplitude of the th component is given by 
the Bessel function of the first kind and wth order 
with % as argument. In addition, cach component 
of the line pattern is subject to conventional broaden- 
me 


GUNNAR ERIKSEN 


Institute of Theoretical Astrophysics, 
University of Oslo. 


Deflexion of Light in the Gravitational 
Field of the Sun 


ACCORDING to the whirl theory of light and matter 
the whole physical the manifestation of 
Maxwell's electromagnetic waves. The fundamental 
particles of matter, and the photons, are represented 


world Is 


by integral solutions of Maxwell's equations in vacuo, 
in evlindrical For the former the 
integral is taken from a very low limit of the variable 
parameter of the integrant infinity, 
while in the latter the interval of integration is much 
smaller. The forces are determined from the standard 
equations of classical dynamics as the derivatives of 
the exchange fields of 
interacting entities With respect to parameters defining 
their mutual position. The necessary condition of 
physical validity of these forces is the synchronism 
between the fundamental frequencies of the entities 
or their sub-harmonies. In the case of gravitation 
the sub-harmonies are due to the ‘micro-precessions’ 
of the entities, of about 8-3 10-7 sec.-', caused by 
their inherent eccentricity of about 10-' h/me. In 
this verv slow motion the wave-length of de Broglie’s 
waves (which are inherent in these solutions of 
Maxwell's equations) is about 10! They are 


co-ordinates. 


solution to 


integrals of electromagnet w 


ei. 


called the ‘macrowaves’. The macrowaves produce 
the mutual synchronization of micro-precessions. 
The resultant macrowaves of thus synchronized 


particles constituting large axially symmetrical bodies, 
such as the Sun or the planets, form co-axially 
revolving wave systems with radial standing waves. 
The orbits of planets are situated in the troughs 
of the latter. 

The whirl theory has permitted, so far, the calcula- 
tion of fourteen physical constants from tive observa. 
tion data (c,h, e, the mass of the proton m,, and the 
gravitational constant y,). These included the mass 
ratio of the proton and electron, the masses of the 
neutron and of the light nuclei ,H*, ,H*, ,He*, and 
»He', the distance from the Sun (ref. 1k), and the 
period of rotation and of sidereal motion, of Mercury, 
the relationship between the periods of rotation of 
planets and their distances from the Sun, and the 
magnetic moment of the Earth. The results of the 
calculations agreed very well with the observation 
data. The period of rotation of Venus (20 hr. 48 min.) 
which followed from these results appeared too smal! 
at that time (1950), but it was later confirmed by the 
radio-astronomical observations in the United States 
(22 hr. 16 min.) disclosed in 1956 *. The whirl theory 
also permitted an explanation on the basis of Max- 
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well’s electrodynamics of the growth of crystals from 
a grain of crystalline substance, the chemical catalysis, 
and the shifting to the red of spectral’/ lines of remote 
nebulae 

Recently, [ applied this theory to the calculation of 
the angle of defiexion 9 of a light ray by the field of 
gravitation of the Sun, using the formule : 


Mr Dre Yee M 
1,2 Gs 3/2 
and ‘pe ip (4 Yo 
q / 
where gp = 2r/Ap  2n/2, 
q- = 


is the wave parameter of the photons in the deflected 
ray, of the proton, and of the electron, respectively ; 
m, and m_ are the mass of the proton and the electron, 
respectively ; ¢ is the velocity of light, A = h/2x is 
the Planck constant ; M is the mass of the Sun, D 
is the distance of the Earth from the Sun, R is the 
nearest distance of the deflected ray from the centre 
of the Sun, y, is the gravitational constant between 
material Ypg is the gravitational constant 
between the material masses and the photon (the 
mass of the latter equals Agp/c). 

The first formula has been derived from classical 
mechanics. The second formula can easily be deduced 
from formule (13-1) and (13-2) (ref. 17). On sub- 
stituting the numerical values, I obtain for the 
angle of deflexion 9 6-2 10-* and 8-75 x 10-* 
for the wave-length in the deflected ray 0-8u (red 
light) and 0-4 (violet light), respectively. The 
average (root mean square) between these two values 
is about 7:8 10-*. 

Thus, according to the whirl theory, the angle of 
deflexion must depend upon the colour of the 
observed ray. This can only be verified by observa- 
tion when the next opportunity (the solar eclipse) 
comes. It will be noticed that the average angle of 
deflexion calculated here is very near that obtained 
on the basis of Einstein’s general theory of relativity. 
This may be due to the smallness of curvatures of 
geodesic lines assumed by Einstein in his calculations, 
thus bringing on this occasion the co-ordinate system 
of the general theory of relativity very near the 
co-ordinate system of the special theory of relativity 
which is implied in the whirl theory owing to the 
relativistic invariance of Maxwell's equations. 

N. 8S. 

Department of Electrical Engineering, 

King’s College, 
London, W.C.2. 

a, Japolsky, N. S., Phil. Mag., 19, 934 (1935); 6, 20, 417 (1935); 
¢, 20, 641 (1935); d@, 22. 537 (1936); ¢, 22. 1003 (1936): f. Proc. 
Nat. Acad, Sei. India, 9 (4), 213 (1939); 10 (1), 19 (1940); 
g. Nature, 137, 582 (1936); h, 154, 20 (1944); ¢, 159, 580 (1947) ; 
Pakistan J. Sci, 111 (Oct. 1949); 1 (Jan. 1950): 
1, Bull. Soe. Belge de Phys. (Jan. 1958). 

* Kraus, John 1D., Nature, 178, 687 (1956). 
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Recombination through Electron-Electron 
Collisions 


In dense plasmas recombination through electron— 
electron collisions can be the major cause of loss of 
free electrons. The mechanism is akin to three-body 
ionic recombination but differs because of the long- 
range Coulomb forces involved, because the bound 
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states cannot be treated as forming a continuum 
and because of the effect of radiative transitions. 

Suppose that the ions are protons and suppose 
also that the temperature is such that the mean 
thermal energy is much less than the first excitation 
energy of hydrogen. Radiative recombination is 
slow but highly excited hydrogen atoms are rapidly 
formed through electron-electron collisions : 


H*+e+e—>H’ +e 


These atoms may be ionized by the reverse process ; 
or they may gain or lose internal energy by suffering 
superelastic or inelastic collisions with electrons, or 
by absorbing or emitting photons. The passage of 
an electron from a state of the continuum to the 
ground state of an atom is clearly in the nature of a 
random walk during the course of which many 
different states may be entered. 

Now the rates at which atoms in a@ particular 
excited state are produced or destroyed per unit 
volume by the collision and radiative processes 
mentioned are very much greater than the rate at 
which the minute number-density of atoms in that 
state changes. For given number-densities of free 
electrons and of normal atoms and given temperature 
it is hence possible to calculate the number densities 
of atoms in tho various excited states by setting 
up and solving tho matrix equation expressing the 
close equality of the production and destruction 
rates. It is then a simple task to calculate the rate 
at which the number-density of normal atoms is 
increasing. Since the number-density of excited 
atoms is, relatively, very small, this rate may be taken 
to be the rate of disappearance of free electrons. 
The recombination coefficient, (7), defined by the 
equation : 


dn 


— a(n)? 
dt 


in which » is the number-density of free electrons, 
may hence be found. 

Caleulations have been carried 
various conditions. Details will 
elsewhere. Some representative results are presented 
in Fig. 1. This refers to a plasma at a tempera- 
ture of 16,000° K. which is almost completely ionized 
and which is optically thin so that the absorption 
of the emitted photons may be neglected. If n is less 
than about 10"/em.%, a(n) is only about 3 10-38 
em.*/see., which is the value corresponding to radiative 
recombination. However, if ” is greater than 10" 
em.*, recombination through electron-electron colli 
sions is dominant and a(”) is very much larger ; 
indeed, as n tends to infinity «(”) tends to 9 10-2%), 
em.3/sec. The peculiar slight change in the slope of 
the graph when n is between 10"*/em.* and 10"*/em.* 
arises because the ratio of the actual to the Saha- 
equilibrium population in the second quantum-level 
becomes comparable with its limiting value, unity, 
here ; and consequently, the rate at which this ratio 
increases as 7 increases ceases being rapid and be- 
comes slow. It may be remarked that while collisions 
with electrons control the rate of degradation of 
excited atoms in the high-density limit, bound- 
bound radiative transitions are generally extremely 
important. 

Several experimental studies' have been made on 
the decay of pulsed condenser and other discharges 
in which n was about 10'* to 10'7/em.*. Values of 
a(n) of about 10-18 em.*/sec.—-10-"* em.*/sec. have been 
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a(n), recombination coefficient in units of em.*/sec, 


#, number of electrons per cm 
Fig. 1 


deduced. Some of these values are far less than would 
be expected from the theory outlined here. However, 
the experimental studies concerned give no information 
on the recombination coefficient. This is so great 
that the number-density of free electrons simply 
followed the changing equilibrium as the discharge 
cooled. 

This research was supported in part by the U.S. 
Office of Naval Research under Contract No. N62558 
2637 and in part by the U.K. Atomic Energy Author- 
ity to which thanks for permission to publish is 
ywiven 

D. R. Bares 
A. E. KinGaston 


Department of Appliod Mathematics, 
The Queen’s University of Belfast. 
' Loeb, L. B., Basie Processes of Gaseous Electronics, 
California Press, 1955) 
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A New Type of Phenomenon of Flow 
Birefringence in Macromolecular Solutions 


an investigation of solution states of methyl] 
cellulose in aqueous systems, an unexpected new 
phenomenon was noted. The observed optical 
anisotropy as a function of the velocity gradient 
in the systems changed anomalously, as shown in 
Fig. 1 (solid lines). Reproducibility of the variations 
both of the degree of birefringence and the angle of 


~ 


\tinetion angle 


rit 


Degree of birefringence 


\ppar 


Kates of shear 


Fig. 1. Variations of the optical anisotropy and the degree of 

birefringence vs. the rates of shear: original methy! cellulose/water 

solution (dotted lines): aged methyl cellulose/water solution 

(solid lines). —O optical anisotropy (x): —-@-—, birefringence 
An) 
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Apparent extinction angle 
Degree of birefringence 


10" 


q (sec.~*) 
Rates of shear 


Fig. 2. Variations of the optical anisotropy and the degree of 
birefringence vs. the rates of shear in a methyl cellulose/methy! 
alecohol/water system 


extinction versus the rates of shear were within 
experimental error. 

Dilute aqueous solutions of ‘Methocel’ (Dow 
Chemical’s powdered methyl] cellulose : U.S.P. grade, 
MC-4,000 e.p., average molecular weight determined 
by viseometry about 140,000) were used in this 
investigation. 

The dotted lines in Fig. 1 represent the normal 
flow birefringence obtained in the fresh solution, for 
comparison with the new phenomenon observed after 
the solution has been aged for two or more months 
at room temperature (about 30° C.). 

A similar marked anomaly was noted in 
aqueous solutions even in fresh aqueous solution of 
methyl cellulose containing 50 volume per cent of 
methyl aleohol (see Fig. 2). With a mixed system 
of ethyl alcohol and water, an effect similar to that 
with methvl aleohol/water was noted. 

It is difficult to find a theoretical explanation of 
the phenomenon. It seems to be connected with the 
fact that the solution states of aqueous methyl 
cellulose are not stable, in spite of the non-ionic 
nature of the polymer structure. The association of 
the chain molecules proceeds mainly due to dehydra- 
tion of the after the solution has been 
aged'.?. 

Further additional information has been obtained 
about this effect, using a solution which was mixed 
with considerable quantities of methyl alcohol in 
order to regulate the solvent power or the degree of 
dehydration of the polymer chains. The polymer 
concentration of the solutions was | per cent through- 
out the investigation, and no essential difference was 
found between the results obtained in the aged 
solutions and in the mixed systems. Both effects 
can probably be attributed to inter- and _ intra- 
molecular hydrogen bonds between exposed hydroxyl 
groups of the polymer chains suffering dehydration 
during ageing, or artificially by the addition of a 
strong hydrophilic substance such as the alcohol. 

The anomalous variations of the extinction angle 
with increasing rates of shear are still unexplained, 
and work is in progress to shed more light on the 


eged 


molecules 


problem. 
SHOEI FUJISHIGE 
Textile Research Institute 
of the Japanese Government, 
4 Sawatari, 
Kanagawa, Yokohama. 
‘Heymann, E., Trans. Farad. Soc., 31, 846 (1935) 
* Savage, A. G., Indust. Eng. Chem., 49, 99 (1957) 
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The Relativistic Theory of the Fresnel 
Drag Coefficient 


In this communication I give a somewhat more 
general discussion of the Fresnel drag coefficient than 
is usual, with the view of clarifying the relation 
between two expressions for it. which occur in the 
literature of special relativity. Theso expressions are 
normally derived separately and their relat ionship has 
recently been discussed by Synge" 1 take a further 
step here, by showing how both results can be 
obtained from a single argument. This procedure 
directs appropriate attention to step (6) (See below), 
which is the crucial point in both cases. The neces- 
sary background may be outlined as follows : 

Suppose a medium has velocity parallel to the 
r-axis of a reference system S. If light passes through 
the medium parallel to this direction, let its phase 
velocity be um relative to S. Assume that um 

n(vm), Where n(v»,) is the refractive index of light 
of frequency vm in the medium, prov ided the medium 
is at rest in S (that is, v 0). Then in the general 
case O): 


Um c/n(%m) he (1) 


Here k is a coefficient which was once supposed to 
measure the extent to which the «ther is dragged 
along by the medium (Fresnel, 1818). The special 
relativity theory also leads to (1). For ’, it y ields the 
result : 


n(v) 

Here 1 in the case of water flowing at velocity + 


2 for a block of glass 
These are the two cases 


in a tube fixed in S, and r 
moving with velocity +. 
usually deseribed. 

Consider now a uniform transparent medium m 
uniform motion with velocity » parallel to the x-axis 
of an inertial system S. The medium is contained in 
a transparent vessel the walls of which can unfold 
during the motion of the medium, so that the rear face 
of the container (which is perpendicular to the x-axis) 
moves with a velocity w <t. The optical propert 1es8 
of the medium in the container are, however, kept 
homogeneous and constant in time by feeding 
additional material through a tube leading to the 
rear of the container. This means that we assume 
the following idealized situation: At any time ¢, 
contact between the rear surface of the contamer 
and the medium is about to break due to the differ 
ence in velocity. But the gap (” — w)dt, which one 
would expect to develop in time df, is filled in by 
additional material having already as its 
ponent of velocity. Contact between the rear surface 
and the medium is assumed to be maintained in this 
way ; different layers of material are involved in the 
contact at different instants. This situation cannot 
be realized exactly, but my main interest is in the two 
limiting eases, which can be realized. 

Let the reference svstem in which the medium is 
at rest be S’; that in which the rear face is at rest, 
be S”; the velocity of S” as observed in S’ be wu’ 
the frequency of the light when moving In vacuum 
and observed in S” be v,” and the frequency when 
moving in the medium and observed in S” be v»,” 
[ shall adopt this type of notation also for the 
frames S and S’ and for the phase velocity of the 
light, which is denoted by , for vacuum and by 1» 
for the medium. 
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By the relativistic velocity addition : 


+ vie* vien( vm’) 
It has been assumed that cin(vm’), Where 


n(v,,’) is the refractive index of the medium for waves 
of frequeney Vv» Suppose now that if ¢ is a funetion 


of order v'c, we have, to first order in ? 
Vp la) 4) 


It then follows that 


l l l ar i 
- 
l dn(y) 
n(Vo) n(vy)®? | dv 


Substituting in (3), one finds, to first order 


A 
ni Ve) 
l Vy dn(y) 
niv,)* Va)” dv ly» 


Here & has the form of a Fresnel drag eoefficient. It 
remains to ealeulate gq. 
From the expressions for the radial Doppler effect : 


vm” (1 — wie?) 


> 


Now the rear wall of the container is at rest in 5” 80 
that the light entering it is unchanged in frequency 
for an observer at rest in S” 


Ve Yon 


Hence to first order in ¢¢ 


Vm Vo Yo 1 


Vo Vn / 


The last two terms are correction terms and need be 
evaluated only to zero order, so that : 


Noting that u, e. one finds that equation (4) 1s 


valid. provided : 


q 

Combination of (5) and (7) vields an expression for 
the drag coefficient. One notes that w 0 corre- 


sponds to the case of water flowing through a tube, 


while ¢ corresponds to the moving block of 
glass in accordance with (2). One can say qualita- 
tively : The effect of dispersion on the drag coefficient 


goes up with the disparity bet ween the velocity of 
the medium and the velocity of the rear face of its 
container. 
I am indebted to Prof. J. L. Synge for helpful 
correspondence 
P. T. LANDSBERS 


Department of Applied Mathematics, 
University College, 
Cardiff. 
‘Svnge, J. L., Relativity : The Special Theory, 142 (North-Holland 
Amsterdam, 1956) 
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RADIATION CHEMISTRY 
Photolysis of Ethyl! lodide Solutions 


One of the major products in alkyl iodide photo” 


lysis in various solvents is iodine, formed by com 
bination of iodine atoms produced in the primary 


dissociation. Although the reaction is well known. 
quantum yields reported for iodine vary from zero 
to one'*. In part, the seatter in the data fromm 


different laboratories is caused by the presence of 


undetermined amounts of oxygen. Hacobian and 
Iredale® pointed out the difficulty of complete removal 
of oxygen from these solutions in organie solvents, 
and found that the iodine yield decreased from 0-5 
to less than 0-05 as the solution was degassed 
Earlier work! indicated a decrease of about a 
factor of two in iodine-yield on removal of oxygen. 

The present research started with the premise that 
complete removal of oxygen from a hydrocarbon 
solvent is best accomplished by chemical reaction. 
Alkaline pyrogallol solutions were equilibrated with 
the solute, ethyl iodide, and the solvent, n-hexane. 
After separation of the layers, each component was 
subjected to exhaustive vacuum distillation and out- 
gassing. The reagents could then be distilled from 
storage into a l-em. path-length silica vessel and 
sealed off. Photolyses were carried out in the full are 
of a 250-watt B.T.H. mereury are lamp, which gave 
a weighted mean absorbed wave-length of about 
3100 A. Absorbed intensities during photolysis were 
obtained by ferrioxalate actinometry’. The concen 
tration of iodine produced was measured directly in 
the reaction cell at 5250 A. 

In the absence of oxygen, the initial iodine quantum 
vield was 0-017, which agrees qualitatively with the 
value of 0-05 found by Hacobian and Iredale. 
However, it was observed that as iodine accumulated 
in the solution the quantum yield decreased con- 
siderably. The effect can be interpreted on the basis 
of the reaction® : 


CH, +1, +1 


As iodine accumulates in the system, reaction (1) 
increases in importance compared with the dimeriza- 
tion and disproportionation of ethyl radicals. In the 
limit of high-conversions. iodine reaches a steady- 
state concentration and the quantum vield of iodin« 
formation approaches zero. 

After equilibration with air the initial iodine 
quantum vield was higher by a factor of two than 
that in the complete absence of oxygen. It is re- 
eognized that oxygen effects the removal of ethy] 
radicals from the system, or, at least, prevents them 
from reacting with iodine atoms. Thus the quantum 
vield is generally higher in the presence of oxygen 
than in its absence because secondary recombination 
is largely prevented. The probable mechanism can 
be represented by the following secondary reactions 
following dissociation into ethyl] radicals and iodine 


atoms : 
2C.H, = C,H,, or C,H, + (2) 
C.H; = C,H,1 3) 
2I°= I, (4) 
C.H,"+ O, = products (5) 


(It must be kept in mind, however, that only the 
rate formation of iodine moleenles was followed in the 
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work described.) In the absence of oxygen, reactions 
2. 3, and 4 are the reactions involved in the formation 
of iodine, while in the presence of oxygen 4 and 5 
are the only reactions taking part. Then it can be 
shown that the ratio of iodine quantum yield with 
oxygen present to that with oxygen absent is given 
by 


R= 1 + 


If the values of the rate constants k,, k, and ky, in 
solution are determined by statistics, that is, k, 
ky ik,, R would have the value 2, in agreernent 
with our experiments. Hacobian and Iredale found 
experimentally a value of FR in excess of 10, which 
would require k,* > 300k,k,. However, there is no 
reason to suspect reactions 2 and 4 to be so inefficient 
in solution compared with reaction 3 

This ratio of rate constants, based on the same 
mechanism, gives for the initial iodine quantum 
vield in the absence of oxygen : 


«ap 

Ol: 
where g represents the quantum yield of dissociation 
into fragments free of the solvent cage. The value of 
9 determined by these experiments is 0-07. How 

ever, the possible presence of a seavenger capable of 
reaction with iodine atoms was not eliminated. 
Although this would not affect qualitatively the 
conclusions regarding the decrease of P;, with 
increasing conversion or its increase in the presence 
of oxygen, the absolute value of ®;, could be in 
error. For this reason, aside from the technique of 
rigorous purification of solvent employed by Lampe 
and Noves*, it would be most desirable to remove 
oxygen with an inorganic reducing agent to avoid all 
possibility of introducing impurities which may act 
as inhibitors. 


CC. L. Gerry 
GERALD B. PORTER 


Department of Chemistry, 
University of British Columbia, 
Vancouver 8. 
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Tritium as a Source of Radiation in 
Electron Spin Resonance Studies 


\ common difficulty encountered in electron spin 
resonance investigations of materials irradiated by 
high-energy radiations (cobalt-60 y-rays, fast elec- 
trons, ete.) is the appearance of the electron spin 
resonance spectrum of the irradiated glass (or quartz) 
tubes containing the samples 

The spectrum often becomes interprotable only 
after either ‘bleaching’ the glass or transferring the 
sample to a non-irradiated tube. Both procedures 
may be particularly awkward in experiments 
involving stabilization of free radicals at low tempera- 
tures 
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It was expected that the above difficulties might 
be avoided by using internally emitted tritium 
$-particles, which, owing to their very low energies 
(< 18 keV.) and ranges (about Iu in glass and most 
solid media), should leave the glass of the sample 
tube practically unaffected even for relatively high 
closes of radiation absorbed in the sample. 

In order to test this conception, solutions of tritium 
oxide in water, deuterium oxide and water 4 
deuterium oxide mixtures with activities 100 me./ml. 
and | ¢./ml. were frozen down in glass tubes in liquid 
nitrogen. The electron spin resonance spectra of 
the samples irradiated in this way were then examined 
at liquid-nitrogen temperature. 

After applying doses of radiation up to 5 x 10% 
eV./ml., no effects of the irradiated glass on electron 
spin resonance spectra were observed. 

The spectra of tritium §-irradiated water and 
deuterium oxide ice consist of one doublet and one 
triplet, respectively, and are interpreted as due to 
OH and OD radicals. 

The corresponding g values, separation and line 
widths are almost identical with those reported for 
cobalt-60 +y-irradiated ice'. The yields of OH and 
OD formation [(G(OH), G(OD)}, and the saturation 
concentrations of both radicals seem to be lower than 
for y-rays. This difference may be due to the higher 
linear energy-transfer of tritium §-particles. 

In the presence of perchloric acid in tritiated 
water and deuterium oxide ice, hydrogen atoms and 
deuterium atoms are readily formed as in the experi- 
ments by Livingston and Weinberger?, using cobalt-60 
Y-rays 

The spectrum of a tritiated mixture of water, 
deuterium oxide perchloric acid indicates 
the presence of all the radicals concerned, that is, 
H, OH, D and OD, and enables one to compare 
directly their rates of formation and stabilities. 

Full details and further discussion of these experi- 
ments will be published elsewhere. 

Jerzy 
C. GREEN 
Joun W. T. Spinks 
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Nature of the Metallic Orbital 


Ln the course of the development of the resonating 
valence-bond theory of metals' it became evident® 
that the characteristic structural feature of metals 
is the possession by each of many atoms in the 
metal of an extra orbital (the metallic orbital) in 
widition to the orbitals normally occupied by 
electrons. This metallic orbital permits the unsyn- 
chronized resonance of covalent bonds from one 
interatomic position to another by the jump of an 
electron from one atom to an adjacent atom without 
the need for an opposite jump to retain exact electric 
neutrality. The metal can thus be described as con- 
taining atoms with formal charges + 1 and l as 
well as zero (larger formal charges are ruled out by 
the electroneutrality principle®). 
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A puzzling feature of the theory has been the 
fractional number, 0-72, of metallic orbitals per atom 
that is found by analysis of the values of the satura- 
tion ferromagnetic moments of the metals of the 
iron group and their alloys’. A simple derivation of 
an approximate value of this number, reported here, 
has now been discovered. 

Let us consider‘ a metal such as lithium, with one 
valence electron per atom. The bonds occupy 
principally the positions between each atom and its 
eight nearest neighbours in the body-centred cubic 
crystal. The probability of a bond in a position is 1/8, 
and the probability of a vacancy is 7/8; it is easily 
seen that the relative probabilities of Lit, Li and Li- 
(with 0, 1 and 2 bonds, respectively) are in the ratios 
7:8:4, or, with Lit and Li- made equal by taking 
the geometric mean, 0-285 : 0-430: 0-285. For other 
metals similar caleulations give ratios lying between 
this limit and 1/3: 1/3: 1/3. 

Atoms M+ and M need to have a metallic orbital 
in order to be able to accept an additional bond ; 
M-, however, does not need a metallic orbital, 
because it is prevented by the unfavourable energy 
term of M- from accepting another bond. Hence 
the number of metallic orbitals per atom is expected 
to be the sum of the probabilities of M+ and M. 
This sum, as given by the above calculation, lies 
between 0-715 and 0-67. The experimental value, 
0-72, is close to one end of this range ; it corresponds 
with 28 per cent M* and M-. It is, of course, likely 
that the probabilities of M+ and M- relative to M 
are decreased somewhat by the energy of separation 
of charge. 

As an example, we may consider white tin, for 
which the observed interatomic distances indicate 
the valence to be about 2-64. There are four outer 
orbitals (5s5p*), and Sn*, Sn and Sn- have 3, 4 and 5 
outer electrons, respectively. The first two must 
have a metallic orbital; hence their valencies are 
3 for Sn* (spp), 2 for Sn (s*pp) and 3 for Sn- (s*ppp), 
with weighted average 2-56, in agreement with the 
value given by the interatomic distances 
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Nature of the Reactions involved in 
the Pyrolysis of n-Butane inhibited by 
Propylene 


In order to explain the observed features of the 
pyrolysis of paraffin hydrocarbons in the presence 
of such rate-inhibitors as nitric oxide, propylene and 
jsobutene, it has been suggested! that the uninhibited 
reaction consists of two independent, concurrent 
mechanisms. The first is assumed to be an unbranched 
free-radical chain process, the second, a molecular 
elimination process. It is assumed! that the former 
ean be entirely suppressed by the addition of suffi- 
cient inhibitor. In the pyrolysis of n-butane, for 
example, the reactions responsible for the production 
of the major products through the free-radical 
mechanism are most likely to be : 


Cy 
Ese 
4 
1 
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CH,’ CH,’ + C,H, (1) 
+ Oil, (2) 
CH,’ + C.H,.—~ CH, + C,H, (3) 
C,H, + C,H, + C,H, (4) 


and, in the supposedly molecular portion of the 


reaction : 


CH ic (1) 


(IT) 
Both mechanisms predict equal yields of ethylene 
and ethane. 

Alternative interpretations of the experimental 
evidence?* discount. the possibility of the participa 
tion of molecular processes and attribute the com- 
pletely suppressed reaction to some form of modified 
radical chain. 

We have used the technique of high-speed gas- 
liquid chromatography* in conjunction with a high- 
sensitivity flame-ionization detector to study both 
the uninhibited pyrolysis of n-butane and the reac- 
tion in the presence of varying amounts of propylene. 
The identity of the products was unchanged under 
all conditions, and the distribution of the major 
products, as reflected in the ratio [methane /(ethane 
ethylene)]}, was virtually independent of the pressure 
of propylene. In the uninhibited reaction the ratio 
C,H,/C,H, (=) was found to be consistently 
greater than unity, being commonly approximately 2, 
while values as large as 4 have been obtained. 

Some results obtained in the investigation of the 
pyrolysis at 778-7° K., under a pressure of 19-2 mm. 
mercury, of n-butane in the presence of various pres- 
sures of propylene are summarized in Fig. 1. It 
is seen that the overall rate of reaction is reduced 
by a factor of about three on increasing the pressure 
of propylene to 6 mm. The value of 2, however, 
increases linearly through this region, and beyond, 
rising from 1-9 to 2-5 as the pressure of propylene 
changes from 0 to 30 mmm. 

If now it is assumed that the fully suppressed 
reaction [C,H, > 6 mm.] is completely molecular in 
character, it follows that the intercept on the ordinate 
of the plot of « against pressure of propy lene repre- 
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sents the value of « pertaining to any molecular 
processes occurring in the uninhibited reaction. 
This value is found to be identical with that determ- 
ined in the experiment carried out in the absence of 
propylene. This identity is of considerable importance 
since it requires that, if the residual reaction 
entirely molecular, either (a) the uninhibited reaction 
is entirely molecular, or (6) if radical and molecular 
concurrently the uninhibited 


IS 


processes occur 


reaction, then : 


(A) 


Zobserved Zradical Zmolecular 
The possibility that (a) is true can be immediately 
discounted. 

Since results similar to those shown in and deduced 
from Fig. 1 were obtained in all the experiments 
conducted over the usual ranges of temperature and 
initial pressure of n-butane, it is evident that, if (5) is 
true, relation (4) must hold in all such conditions 
That whatever mechanisms give rise to 1, 
both radical and molecular, must have identical 
kinetie characteristics 

The characteristics associated with the formation 
C.H,] in the 


Is, 


of this ‘excess ethylene’ [= C,H, 
uninhibited reaction are : 
(i) x remains constant throughout 
initial 5 per cent of any given reaction. 
(ii) The excess of ethylene is formed at the expense 
of the ethane, the © form a 
constant proportion of the product viven 


at least the 


since hydrocarbons 


at any 
temperature, 


(iii) The 
function : 


variation with temperature of the 


— (CH) 


a—l 


(CoH) 

at any given pressure of n-butane is associated 
with an activation energy of (28°6 2-5) k.cal./ 
mole. 


(iv) The total order of the reaction forming the 
excess of ethylene is less than that of the reaction 
forming the ethane, and varies with total pressure. 

The inclusion of the reaction : 


> C,H, H° (5) 


in the free-radical mechanism adequately accounts 
for the findings summarized in (i) 
to (iv). On the other hand, while 


mm. mereury sec.~' 


oH, 


12 15 


Mm. mercury of C,H, 
Fig. 1. Effect of the additic 


of n-butane at 778°7 . Plots show the dependence on pressure 
(4) the initial rate of formation of the total C, fraction and (8) the rat 


m of propylene on the pyrolysis of 19-2 mm. mercury 


. several molecular reactions which 
could give to 1 can be 
postulated, it seems impossible to 
envisage counter} mart of react ion 
(5) which, in combination with (1) 
and (II), would be compatible with 
relation (A) and the restrictions 
imposed by (i)-(iv). Thus, 
bility (b) must be eliminated. 

Since, therefore, molecular 
Cesses appear to play no part im the 
completely inhibited reaction, it 18 
evident that both the uninhibited 
and inhibited reactions must be 
regarded as entirely free-radical in 
character. ‘This conclusion is in 
harmony with the experimental 
findings which, for the completely 
suppressed reaction, are then best 
described in terms of a modified 
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- 
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of propylene ot 
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free-radical chain reaction propagated by radicals 
of low reactivity®. 

We thank the Department of Scientific and 
Industrial Research for financial assistance (C. P. Q.) 
and Dr. P. G. Ashmore for helpful criticism. 
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Possibility of lonic Dissociation at the 
Peptide Linkage 

‘Tue need for a eyelic structure for certain proteins 
(for example, serum globulins) has been emphasized 
in a series of papers by Wrinch'*. However, the 
hexacyelie carbon nitrogen ring structure which she 
proposes has not been generally accepted, due partly 
to sterie objections Lt is belteved at present that two 
dimensional protein structures are formed by hydro 
gen bonding between polypeptide chains. In the 
present communication a new oxygen cross-bonded 
It is characterized by ionic 
dissociation, and a double bond, at the peptide 


etructure is suggested 


linkage The structure is: 
R 
we 
R R 
N® ( 
R 
» 
N* 


where N* is either No or (HNH)* depending on 


whether the dissociation : 
NH N- + H* (acidic 
(basie) 


oceurs. The amino-acid residues (R groups) and thy 
H ions of (HNH)* groups lie perpendicularly to the 
plane of the structure 

The reason why both acidic and basic dissociations 
are thought to be possible is as follows. In the above 
structure, N atoms complete their » 2 shell octet 
by sharing 4 of their 5 valence electrons in covalent 


bonds with neighbouring atoms. The fifth valence 
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electron is therefore forced up into a 3s level where 
it will behave very much like the 3s valence electron 
of sodium. One knows that sodium hydride disso 
ciates into Na* and H- ions (the latter combining 
with H* ions of water to give H,) and consequently 
one might expect that NH would dissociate similarly. 
This is essentially the basic dissociation shown above 
However, the 3s eleetron of the N will be more tightly 
bound than the 3s electron of Na when the adjacent 
amino-acid residues are electrophilic (electron deti- 
cient), because then the covalent bonds to the 
N atom will tend to be polar, causing the N 
charge to exceed by a slight amount one electron 
charge. In this case acidic dissociation of NH may 
be expeeted. The dependence of the type of disso 
ciation on the electrophilic or nucleophilic character 
of adjacent amino-acid residues means that the 
venetical code of a protein residing in its sequence of 
amino-acids can be transferred to a sequence of tonic 
charges at the peptide linkages. 

The delicate balance between acidic and basic 
dissociation at the peptide linkage will mean that 
the free energy of dissociation is exceptionally small. 
One therefore expects proteins to be precipitated by 
slight changes to the solvent. It is well known that 
slight changes of pH and reagents such as methanol 
do, unaccountably, precipitate protein One may 
expect also a tendency of positively charged ions of 
the correct electronegativity to ¢ omplex with N- ions 
at the peptide linkage This may explain the 
denaturation of proteins by heavy ions in solution, 
and possibly also the different response of biological 
organisms to the chemically similar Na* and K+ ions 
and the chemically similar and Mg?** ions. 

A definite need to invoke new dissociations has 
been found in the case of the proteins of tobacco 
mosaic virus? and in the case of silk fibroinst. The 
net charge of these proteins indicated by electro 
phoretic measurements differs considerably from that 
deduced from chemical analysis (for the same pH). 
Furthermore the pH of minimum movement under 
an electric field (the true isoelectric point by defini 
tion) differs from the pH of minimum combina 
tion with acid or alkali (often termed the isoionic 
promt Be 

Preliminary experiments I have made show that 


ultra-violet irradiation can alter the net charge of 


serum protein. Part of a protein front moving along 
an electrophoretic strip in a buffer of pH 8-6 was 
inade to pass through a narrow band of ultra-violet 
radiation. In the case of negatively charged protein 
albumins) the ultra-violet irradiation produced an 
acceleration, while in the case of positively charged 
protein (y-globulins) a retardation was noted. It 
would seem that the ultra-violet irradiation tended 
to increase the net negative charge of the protein by 
destroying positive charges. Since it is reasonable 
to assume that the ultra-violet irradiation is absorbed 
at a double bond, this appears to constitute evidence 
for ionie dissociation at the peptide linkage. 
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Induced Protein Synthesis 


\ POSSIBLE relationship between the synthesis of 


antibodies 
Compelling 


induced and the formation of 
was suggested in 1900 by Dienert'. 

arguments? have since accumulated to support this 
contention, but corroborative experimental evidence 
forthcoming until recently. This 
been engaged in obtaining such 


enzymes 


been 
has 


not 
laboratory 


has 


evidence by an investigation of the specificities of 


antibodies and enzymes induced by the same determ- 
mant group. 

Known inducers for specific enzyme systems were 
coupled to bovine serum albumin with the determ- 
mants held in covalent linkage putative to the bond 
Which might in comparable inducer-macro 
molecular complexes in microbial The 
specificities of rabbit antibodies to these conjugated 
protems were studied by hapten-inhibition tech 
niques, on the premise that a similarity in the mode 
of formation of antibodies and induced enzymes 
might be reflected in analogous conformational and 
stereochemical requirements at their respective 
combining sites. The antibody specificities determ- 
ined in this manner were then compared with pre- 
viously reported specificities for the haptens acting as 
inducers or substrates for the corresponding induced 
A good correlation was observed 
between the specificity of rabbit antibodies to 
protocatechuoyl-bovine serum albumin the 
induction of protocatechuic acid oxidase in Neuro- 
spora®; between the specificity of antibody to 
3-p-galactosido-phenylazo-bovine serum albumin and 
the §-p-galactosidase enzyme system of E. coli and 
B. megaterium’* ; and between the inducible 6-p- 
glucosidase of Rhodotorula the constitutive 
3-D-glucosidase from Stachybotrys atra, and antibodies 
formed in response to §-p-glucosido-phenylazo- 
bovine serwn albumin®. The results also suggested® 
that the inducible mechanism (permease)* for the 
transport of 3-p-galactosides into coli may follow 
5-pD-galactoside 


eXist 
SVSTOIS. 


enzyme systems. 


minute 


the specificity requirements of other 
accommodating systems. 

The similarity between the specificities of anti- 
bodies to serum 
albumin and the corresponding inducible enzyme in 
E. coli was further demonstrated experimentally, 
as shown in Table 1. 
experiments employing a 1:5: 16 ratio (based on 
nitrogen) of enzyme, antigen, and antibody are 
presented. Incubation of the synthetic conjugated 
antigen $-p-galactosido-phenylazo (Gal)-bovine 
serum albumin with an enzyme extract from E. coli, 
prior to addition of antibody, inhibited hydrolysis 
of the chromogenic substrate, o-nitrophenyl-$-p- 
yvalactoside. In other experiments the concentration 
of antigen was reduced tenfold, with other concen- 
trations held equal, and pre-incubation of CGal- 
bovine serum albumin with enzyme still completely 
inhibited hydrolysis of 
Galactosyl groups were not hydrolysed from Gal- 
bovine serum albumin by This 
indicates that the binding sites of the enzyme were 
specifically occupied, while the catalytic site may 
hindered by the bulk of the 
conjugated antigen. Simultaneous addition of the 
antibody to enzyme and Gal-bovine serum albumin 
did not affect enzyme action. It appears, therefore, 
that the binding sites of the enzyme and the anti- 


3-D-galactosidase. 


have been sterically 


The results of a typical series of 
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COMPETITION BETWEEN E. coli 8-D-GALACTOSIDASE AND 
ANTI-8-D-GALACTOSIDO-ANTIBODY FOR §8-D-GALACTOSYL 
BOVINE SERUM ALBUMIN 


rable 1, 
RABBIT 


Third 
additions 


4200 mye 
( 


First additions Second additions 


ONPG 
SA ONPG 
ONPG 
ONPG 
ONPG 
ONPG | E 
+E ONPG 
ONPG BSA 


+ 


Gial-BSA>E 


Gal-BSA + Ab 


fral-BSA 


vent enzyme denaturation 

enzyme protein. No release 
inability to detect free 
6) no increase in sugar 
after precipitation 


* BSA added as inert protein to pre 

mgm. Gal-BSA and 300 N 

of galactosyl groups as determined (a) by 

galactose with paper chromatography, and 

in supernatant, using anthrone method (ref. 14) 
of Gal-BSA and enzyme with trichloracetic acid. 

Enzyme (E), 0-1 ml. fraction d (Wallenfels et al., Biochem, Z.. 331, 
450 1959) from induced #. coli containing 0-42 ~gm. N enzyme 
protein; antigen (Gial-BSA), §-b-galactosido-phenylazo-bovine serum 
albumin (ref. 4), 0-2 ml. containing 2 «gm. N; antibody (Ab), 0-2 ml. 
ibsorbed rabbit antiserum (refs. 3 and 4) with 7-4 ~gm. antibody N - 
bovine serum albumin (BSA), 0-3 mi. saline solution with 2-1 mgm 
protein ; (ONPG), 1-0 ml. of 3» 
in phosphate buffer, pH 7-0. Tubes incubated at 30°C, 30 min 
elapsed between first and second and between second and third 
additions. 10 min, after last addition, 2-0 ml. 0-1 M sodium carbonate 
vdded for colour development 


Final volumes adjusted to 3-5 mil. 
as necessary, Optical densities corrected for protein absorption at 


420 my. 


body ¢an compete for the specific poly valent non- 
substrate. The enzyme-Gal-bovine serum albumin 
complex, once formed, was not dissociated by anti- 
body: With simultaneous additions, the antibody 
reacted with antigen more rapidly, and possibly 
more firmly, than did the enzyme. It might be pos- 
sible to reverse inhibition of hydrolysis of o-nitro- 
phenyl-8-p-galactoside by enzyme with Gal-bovine 
serum albumin provided that sufficiently high con 
centrations of substrate are added. It will be of 
interest to study the kinetics of competition of enzyme 
and antibody for antigen. It should also be noted that 
antibody had no catalytic effect on hydrolysis of 
substrato, although hapten-inhibition tests’ demon 
strated strong specific binding of this substrate at 
the antibody combining site. 

Monod has stated? that the number of antibodies 
which may be produced by an organism of one 
genotype is infinite, whereas the numbers of enzymes 
inducible in one particular species of bacterium 
is quite limited. This conjecture may reflect the use 
of the extremely non-versatile organism FE. coli for 
most induction studies. Consideration of the Pseudo- 
monadlaceae, for example, shows that the genotype 
of these micro-organisms allows for an almost 
unlimited number of enzyme inductions. From the 
classic example of Den Dooren de Jong? with Pseudo- 
monas putida to the sequential induction experiments 
of Stanier* and of Dagley and co-workers’, it is obvious 
that these microbes are capable of forming literally 
hundreds of enzymes which finally integrate frag- 
ments of unusual substrates into normal metabolic 
pathways. It is difficult to visualize “repressor sub- 
stances’ being continuously synthesized for the 
myriad of enzymes which are inherent in the genome 
of Pseudomonads. Again, species differences in the 
induction of antibodies are also known. The most 
familiar example is the difference between rabbits 
and human beings in their ability to produce anti- 
bodies to purified polysaccharides. If one were to 
rely on the rabbit alone as a test animal, it might be 
concluded erroneously that purified polysaccharides 
are non-antigenic. 
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The formation of induced enzymes and antibodies 
has two requisites ; (a) the inducible organism must 
have the genetic potential to produce the specifically 
directed protein; (4) the inducer must be present. 
Benzer" has demonstrated that the inducer does not 
act by selection in microbial enzyme induction. On 
the other hand, the Burnet- Lederberg ‘‘clonal- 
selection’’ hypothesis'*."*, which has been advanced 
to explain the phenomena of “‘self-recognition” and 
“actively-acquired tolerance’, postulates that the 
antigen causes existing cells, which are capable of 
forming the specific antibody, to proliferate. 

The observed parallelism presented here between 
the specificities of microbial enzymes and mammalian 
antibodies formed in response to the same determ- 
inant group suggests that, regardless of the mech- 
anism, directed protein synthesis depends on the 
genetic endowment of a particular species to form a 
peptide chain the ultimate three-dimensional con- 
formation of which is determined by the molecular 
configuration of the inducer. 
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Health Service. 
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Amino-Acid Patterns in Vitamin 
A-deficient Rats 


deficiency seems to cause negative 
in young rats'. In a preliminary 
and Bieri? indicated that in 
vitamin A-deficient as compared to pair-fed normal 
rats, the tyrosine- and phenylalanine-levels in the 
testes are increased and the threonine concentration 
of the liver shows These results were 
obtained with microbiological assays, since paper 
chromatography failed to reveal any significant 
differences. We have compared the free amino-acid 
composition in blood, liver and kidneys of vitamin 
A-deficient and pair-fed normal rats by paper 
chromatography. Our results confirm the earlier 
observations of Abdulnabi and Bieri? and show sig- 
nificant increase in the phenylalanine- and tyrosine- 


ViramMin A 
balance 
Abdulnabi 


nitrogen 
report, 


a decrease. 
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levels, and a simultaneous significant decrease in the 
threonine values in all the three the 
deficient rats. 

Weanling male albino rats of this Institute strain 
weighing 30-40 gm. were used in our experiment, and 
were kept on a vitamin A-free diet*. The control 
animals were given the same diet, but received, in 
addition, 150 ugm. of vitamin A once a week. The 
animals on the vitamin A-free diet alone stopped 
growing after about four weeks and began to show 
signs of A-deficiency. At this stage the control 
animals were pair-fed with the deficient ones. At 
the end of the sixth week, when severe symptoms of 
A-deficiency, as judged by acute anorexia and loss 
of weight, developed, the animals of both groups 
were killed. Blood was collected by heart puncture 
and liver and kidneys were excised. All the tissues 
were immediately cooled to 0°. 

The free amino-acids of blood were extracted by 
the method of Giri et al.‘, and those of liver and 
kidneys were obtained by extraction with 80 per cent 
ethanol. The amino-acids were separated by circular 
paper chromatography on Whatman No. 1 filter 
paper and estimated colorimetrically’. Cystine, 
lysine, histidine, arginine, alanine, tyrosine, phenyl- 
alanine and the leucines were separated in a system ® 
of n-butanol/water/acetic acid (40:50:10). The 
chromatogram was irrigated three times in order to 
ensure good separation. Valine and methionine were 
separated® in butanol/acetic acid/water (40:5 : 7). 
Triple irrigation was resorted to here also. Aspartic 
acid, glutamic acid, serine, glycine and threonine 
were separated in a phenol/water/isopropanol (70 : 
25:5) system in an atmosphere saturated with 
0-3 per cent ammonia (two runs)’. 

Chromatograms with the butanol/acetic acid water 
systems were run in a thermostatically controlled 
room maintained at 18°. Standard amino-acids 
(i0 ugm.) were always spotted along with the test 
materials. These served not only as reference, but 
also for final estimation of the unknown samples. It 
has been our experience that these procedures give 
consistent values. 

The average patterns of free amino-acid in blood, 
liver and kidneys of seven groups of rats, each group 
consisting of one deficient and one normal pair-fed, 


tissues of 


are summarized in Table 1. Twelve out of the 
fifteen amino-acids estimated did not show any 
significant differences, whereas phenylalanine and 


tyrosine were markedly higher and threonine was 
consistently lower in all the three tissues of the 
deficient animals. The P values obtained by statis- 
tical analyses were less than 0-001 for these three 
amino-acids in all the tissues. It should, however. 
be mentioned here that Abdulnabi and Bieri? had 
pointed out significant depression of threonine in the 
liver and increases in phenylalanine and tyrosine 
Our results show more consis 


values of testes only. 
three the 


tent changes in the 
tissues examined. 
Ershoff* had suggested that vitamin A may have 
some role in the proper functioning of the adrenal 
gland, and Lowe et al.* have actually shown histo 
chemical changes in the same glands during vitamin 
A-deficiency. It has since been reported that the 
synthesis of glucocorticosteroid hormones is impaired 
in vitamin A-deficient animals'®. This might be due 
to the failure of hydroxylation of the steroids. 
Production of adrenaline would require the imtro- 
duction of three hydroxy! groups into the phenyl- 
It is, thus, tempting to suggest 


amino-acids in all 


alanine molecule. 
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IN THE TISSUES OF VITAMIN A-DEFICIENT 


AND PAIR-FED RATS 


Average values for seven groups of rats 


Amino-acids Blood (agm./ml.) 
Aspartic acid 
Glutamic acid 
Serine 
Glycine 
Cystine 
Lysine 
Histidine 
Arginine 
Alanine 
Methionine 
Valine 
Leucines 
Threonine 
Tyrosine 
Phenylalanine 


S 


* Standard error of mean 


that the accumulation of phenylalanine and tyrosime 
in the tissues of the vitamin A-deficient rats might 
be due to the impairment, in the damaged adrenal 
glands, of the hydroxylation reactions that are 
required for the production of adrenaline from 
phenylalanine. 

This work was supported by the Indian Council of 
Medical Research, New Delhi. 
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Enzymatic Dephosphorylation of Adenosine 
Tetraphosphate 


ADENOSINE tetraphosphate was discovered as an 
impurity in some commercial preparations of adeno- 
sine triphosphate':*? where its concentration may 
exceed 10 per cent of the total adenine*. It was also 
found in horse muscle* and possibly in rat liver’. 

The chemical properties of this nucleotide indicate 
that its structure is that of a straight chain of four 
phosphates attached to the carbon 5’ of adenosine : 
PpP—P—P 


adenine—ribose—P 


Three of its four phosphates are acid labile'.* ; the 
compound has two neighbouring hydroxyl groups*.’, 
three primary phosphate groups (unpublished work) 
and only one secondary phosphate group’. In the 
following experiments the new nucleotide was 
dephosphorylated in the presence of specific 
enzymes. 


{, deficient rats. 


Kidneys (4gm./gm.) 


B 


Liver («gm./gm.) 
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B, pair-fed normals. 


A b-nucleotidase preparation was obtained from 
potato juice and purified by precipitation with 
alcohol and chloroform, adsorption on alumina gel 
and fractionation with ammonium sulphate. When 
tested at pH 9-5 and in the presence of 8 mM mag 
nesium chloride, the isomer 3° (or b) of adenylie acid 
was the only substrate hydrolysed, whereas the 
isomers 2’ (or a) and 5’, adenosine diphosphate, 
triphosphate and tetraphosphate were not. This 
indicated that adenosine tetraphosphate has no 
phosphate group attached to the carbon 3’. 

An apyrase was also obtained from an acetone 
powder of potato juice and further purified by 
ammonium sulphate fractionation at pH 4-5. When 
tested at 40° C. and pH 6-5 in the presence of 3 mM 
calcium chloride and of 0-01 per cent serum albumin, 
the preparation liberated about 345 ygm. of ortho- 
phosphate per ygm. of enzyme preparation per hour, 
with 7-5 mM adenosine triphosphate as substrate. 
Compared with this figure taken as 100, adenosine 
diphosphate and tetraphosphate were hydrolysed 
more slowly (28 and 12 per cent respectively). In 
the presence of higher enzyme concentrations, 
adenylic acids (isomers 3’ and only), inorganic 
pyrophosphate and §-glycerophosphate were very 
slowly hydrolysed (0:2-0-5 per cent of the rate 
measured with adenosine triphosphate). 

When a relatively large amount of this enzyme 
preparation was incubated with a small amount of 
adenosine tetraphosphate, more than three phos- 
phates could be liberated per mole of adenine. This 
indicates that the apyrase activity was followed by 
the nucleotidase activity of the preparation. Since 
the nucleotide has no phosphate group on carbon 3’, 
and since the enzyme preparation has no measurable 
2’-nucleotidase activity, it follows that the 5’- 
nucleotidase activity must, be responsible for the last 
phosphate liberated. 

Finally, the adenylic acid produced during the 
enzymatic hydrolysis was chromatographed on 
‘Dowex-1 formate’ according to Cohn* and shown to 
be the 5’-isomer exclusively. The same 5’-isomer had 
been identified enzymatically after a mild acid 
hydrolysis‘. 

The evidence provided by the enzymatic dephos- 
phorylation of adenosine tetraphosphate confirms the 
structure proposed on the basis of its chemical 
properties. 

It is hoped to publish the details of these experi- 
ments in the Bulletin de la Société de Chimie biolog- 
ique. 
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Ninhydrin Assay in the Presence of Thiol 
Compounds 


Moore and Stein' reported that the reaction of 
cysteine with ninhydrin is an exception to the general 
reaction of x-amino-acids with this reagent and the 
absorption curve of the reaction products is somewhat 
similar to that of proline and hydroxyproline (Fig. 1). 
They found that if the neutral protein hydrolysates 
were allowed to stand at room temperature for 24-28 
hr. or if they were adjusted to pH & with sodium 
hydroxide and allowed to stand at room temperature 
for 4 hr. the eysteine-ninhydrin reaction product 
wave an absorption spectrum identical to that pro- 
duced by eystine'? It is usual to include cysteine, 
mercaptoethanol, 2,3-dimercaptopropanol-l or some 
other thiol compound as an activator for sulphydry! 
enzymes. When these are used for the activation of 
proteolytic enzymes such as ficin and papain the 
thiol compound (10-* — 10-% M solutions) is not 
completely oxidized to the disulphide during the 
reaction procedure. The presence of the sulphydry! 
group then interferes with the usual ninhydrin 
determination as shown in Table 1 (col. 7). The 
presence of cysteine introduces two errors; first, 
during the enzymatic reaction it is partially oxidized 
to cystine (an unpredictable amount), and second, the 
cysteine remaining reacts with the ninhydrin reagent 
to give a red colour which interferes with the quan 
titative reaction of ninhydrin with the amino-groups. 
The presence of 0-1 umole of mercaptoethanol in 
the modified ninhydrin reaction does not affect the 
quantitative determination of leucine (Table 1, 
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Fig. 1. Absorption spectra of the products produced by reaction 
with ninhydrin. , 0-10 leucine ; , 0-16 umole cysteine 
0-16 wmole cysteine + 4-0 «moles NEM; A, ninhydrin 
reagent blank ; , hinhydrin reagent + 4-0 amoles NEM 


col. 6), but, if the concentration of this reagent is 
increased to 10 umole, leucine does not give a charac- 
teristic reaction product having & maximum absorp- 
tion at 570u but rather a red colour with an absorption 
maximum around 450 mu is produced. 

There would appear to be two solutions to this 
problem ; first, the sulphydry! group could be oxidized 
to the disulphide in an alkaline medium, and second, 
the sulphvdryl group could be blocked by reaction 
with a suitable reagent. Alkaline oxidation of the 
sulphydryl group of cysteine was found to proceed 
rather slowly at room temperature and did not give 
a quantitative conversion to Cystine as meastered by 
the ninhydrin method. Alkalis are known to have 
a destructive effect on certain amino-acids such as 
cysteine, cystine and arginine’ and to cause racemiza 
tion of amino-acids. N-ethylmaleimide reacts rapidly 
and quantitatively’ with the sulphydryl group and 
has been used to prevent the oxidation of cysteine to 
cystine during separation by paper chromatography*’ 
As shown by the results in Table | (compare cols. 2 and 
3) leucine cannot be determined quantitatively in 
the presence of 4-0 umoles of N-ethylmaleimide by 


the usual ninhydrin reagent*. If the amount of 


hydrindantin in the ninhydrin reagent is doubled, 
however, leucine (and other amino-acids tried) can 
be determined quantitatively in the presence of 
N-ethy maleimide (Table 1, cols. 4 and 5). By the use 
of N-ethylmaleimide, a mixture of leucine and 
cysteine can be determined quantitatively (Table 1, 
col. 8) and the absorption spectrum of the produet 
formed by the reaction of ninhydrin with the S 
substituted evsteine is identical with that produced 


Table 1. QUANTITATIVE DETERMINATION OF LEUCINE IN THE ABSENCE AN’) PRESENCE OF N-ETHYLMALEIMIDE (NEM), CYSTEINE AND 
MERCAPTORTHANOL (ME) 


| (optical density at 570 mu 
QQ) 2) (3) (4) (5) 6) 7) (8) 
Leucine Leucine + Cysteine 
Leucine Leucine® NEM Leucine? Lencine + NEM Leucine + ME Leucine Cysteine (0-16 mole) 
(4-0) wmoles) (4-0 amoles) (0-1 emole) (0-16 NEM (4°) amoles) 
| 0-050 0-124 0-056 0-126 0-569 
0-100 0-255 0-139 0-265 0-602 
0-200 0-514 0-540 


* With the usual ninhydrin reagent (ref. 5). The sample was diluted to 2-0 ml. with water and then 1-0 mil. ninhydrin reagent added. 
After colour development, 5°0 mil. of 50 per cent (v/v) ethanol—water was added 
+ The NEM is made up as a 2-02 N solution in 4-0 N. pH 5°5 acetate buffer and is added prior to addition of ninhydrin reagent 


t With ninhydrin reagent containing twice the usual amount of hydrindantin 
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with leucine (Fig. 1). A study of the rate of reaction 
of N-ethylmaleimide with cysteine under the con 
ditions employed here showed that the reaction goes 
to completion almost instantaneously. The N 
ethylmaleimide is completely stable under acid 
conditions but should not be exposed, even momen 
tarily, to alkaline conditions as it is converted to 
N-ethylmaleanic acid, which will then react with the 
ninhydrin reagent, 

N-ethylmaleimide is used regularly in this labora 
tory to prevent the interference of sulphydry! 
yroups with the ninhydrin proteolytic 
activity and has been found to give very good results 
under a wide variety of conditions 
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Chemical Oxidation of Uridine Diphosphate- 
Glucose to Uridine Diphosphate- 
Glucuronic Acid 


THE importance of uronic acids in carbohydrate 
metabolism has only recently begun to be elucidated 
The metabolism of inositol and ascorbate is known 
to involve uronic acid intermediates'*, and nucleo 
tide-bound glucuronic acid has been implicated in 
hyaluronic acid synthesis*. 

Uridine diphosphate (UDP)-glucuronic acid has 
been prepared chemically by Khorana and may also 
be produced enzymatically by the action of UDP- 
glucose dehydrogenase’. Both these preparations are 
relatively time-consuming and require the separation 
of the product from several contaminating reactants 
and side products 

Marsh has reported the oxidation of 
phosphate to glucuronic acid-1]-phosphate®, and this 
report describes a similar oxidation of UDP-glucose 

Powdered platinum catalyst was prepared im 
aqueous solution Adain’s platinous oxide 
catalyst by hydrogenation at atmospheric pressure. 
100 mem. of reduced catalyst were suspended in 
10 ©.c. of water and introduced into a narrow vessel 
similar to that deseribed by Marsh. The eylindrical 
vessel and sintered were attached to a 
U-shaped tube and immersed in a constant tempera- 
ture bath: oxvgen was bubbled through the solution 
at a rate adequate to keep the heavy catalyst particles 
in suspension. The UDP-glucose solution (63 umoles) 
was then added, and oxygenation was allowed to 
proceed for 10} hr. at a temperature of 55°, the pH 
being maintained between 7 and 8 by addition of 
1 per cent potassium carbonate. This contrasted 
with the oxidation of glucose-l-phosphate at 45°, 
at which temperature no UDP-glucuronic acid was 
produced. At the end of the reaction the catalyst 
was removed by filtration, washed, and the filtrate 
and washings assayed for uronic acid content®. 
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In order to show that the uronic acid produced was 
still nucleotide-linked, an aliquot was spotted for 
paper electrophoresis in O-l M citrate-phosphate 
buffer, pH 2. The electrophoresis was carried out 
at 800 V. for 2 hr., and the two ultra-violet absorbing 
spots were eluted from the paper with water; one 
of them gave a earbazole test, uridine 
spectrum, and showed a 1: 1 ratio of uronic acid to 
uridine based on a molar extinction coefficient for 
uridine of 10,000, the other material being unreacted 
UDP-glucose. The UDP-glucuronic acid could also 
be assayed by enzymatic transfer to o-amimophenol 
as described by Dutton and Storey, utilizing a fraction 
of rat liver homogenate sedimenting between HOG 
and 37,0009 as the enzyme system’ 

Use of 5 per cent palladium on charcoal as catalyst 
and oxygenation of the reaction mixture for 7 hr. 
resulted in no increase in the amount of uronic acid 
present, indicating that no oxidation had occurred. 


posit ive 


Table 1 VARIATION OF YIELD witH Tim? 
Time Yield*® 
(hr.) (per cent) 
12 


* Based on recovered UDP-glucose 

On the basis of recovered UDP-glucose, the best 
vield under the conditions studied has been 39 per 
cent. It is felt that the ease of isolation and relatively 
short reaction time required make the reaction feasible 
for the production of UDP-glucuronic acid. 
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Incorporation of [I-''C]-/sopentenyl 
Pyrophosphate into Polyisoprene 

THE occurrence of 3-methy!-but-3-enyl-1-pyrophos 
phate (<sopenteny! pyrophosphate) as an intermediate 
in the enzymic synthesis of squalene from mevalonic 
acid, using veast extracts, has been demonstrated by 
Bloch et al.'.*, and by Lynen et al. The latter 
authors also quote an unpublished report by Arreguin 
that /sopentenyl pyrophosphate can be incorporated 
into the rubber of Taraxacum kok-saghyz latex. The 
in vitro conversion of mevalonic acid lactone into 
polyisoprene in the natural rubber 
(Hevea brasiliensis) latex has been shown by Park 
and Bonner* and by Kekwick et al.*. In the experi 
ments reported here it is demonstrated that 
isopentenyl pyrophosphate, on incubation with fresh 
Hevea brasiliensis latex, is rapidly converted into 
high molecular weight polyisoprene with essentially 
100 per cent efficiency. 

Fresh latex was obtained from the young branches 
of two 18-months-old specimens of Hevea brasiliensis 
(Clone P.B. 86) growing in the tropical greenhouse 
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attached to these laboratories. The 1-'C]}-isopenteny | 
pyrophosphate (in amount too small for weighing) 
was dissolved in a suitable volume of 50 per cent 
aqueous alcohol to give the required radioactivity 
per unit volume. A known volume of this solution 
was used per incubation and evaporated to dryness 
under nitrogen in the incubation tube before addition 
of the fresh latex. The incubations were carried out 
under the conditions shown in Table 1. Each incuba- 
tion tube was then spun about its axis to distribute 
the latex over the wall of the tube, and 10 drops of 
5 per cent acetic acid in ethanol added. The thin 
film of coagulated rubber was covered with more 
coagulant for 5 min. and washed with water. It was 
next digested for 1 hr. at 100° C. with molar potassium 
hydroxide, washed with water, then with ethanol and 
finally extracted continuously with boiling redistilled 
ethanol for 16 hr. After evaporation of the residual 
alcohol on the rubber, 2 ml. of a 1 per cent solution 
of trichloracetic acid in dry toluene were added and 
the mixture stirred magnetically until the solution 
was homogeneous. The solution was then centrifuged 
at 10,000g and the supernatant quantitatively 
transferred to the counting vessel of an Ekco scin- 
tillation counter (type N664A). The residue left 
after centrifuging was negligibly small. The total 
count-rate of the toluene solution was determined by 
standard techniques, corrections being applied for the 
background count-rate and for counter efficiency, 
using an internal standard. The activity per unit 
volume of the original ‘sopentenyl pyrophosphate 
solution was determined similarly. 


Table 1. INCORPORATION OF isoOPENTENYL PYROPHOSPHATE INTO 
POLYISOPRENE 
1 2 3 4 

Weight of latex (mgm.) 430 414 403 414 
rotal activity of isopenteny! 

pyrophosphate added (c.p.m.) 6,360 16,380 6,360 16,380 
Time of incubation 25sec. 10min. 30 min. 4 hr 
Temperature of incubation (° C.) 20 20 20 20 
Percentage of initial radioactivity 

recovered in the rubber 24 102 98 100 


Combined weight of rubber, after dialysis, from Exps. 2 and 4 
115 mgm. 


To establish that the radioactivity observed was 
due to high molecular weight polyisoprene and not 
to impurities in the rubber as radioassayed, the 
contents of two counting flasks (Exps. 2 and 4) were 
evaporated to dryness as a thin film and extracted 
with boiling ethanol for 16 hr. The rubber was then 
dissolved in chloroform containing 3 per cent w/w of 
ethanol; the solution was centrifuged to remove 
traces of insoluble material and dialysed against 
three changes of chloroform-—ethanol solution for 
96 hr. using alkali-treated cellulose membranes® which 
were readily permeable to 3-carotene. The rubber 
was then ozonized by a high-efficiency procedure 
developed by Barnard and McSweeney (unpublished 
work) and converted to levulinie 2 : 4-dinitrophenyl- 
hydrazom which was purified via the sodium salt, re- 
crystallized twice from hot ecetic acid and radio- 
assayed by a standard gas counting technique* with 
a counter having an efficiency of 43 per cent. 

The yield of lkevulinic acid dinitrophenylhydrazone 
after reprecipitation from the sodium salt was 80 per 
cent, based on the weight of dialysed rubber taken 
for ozonolysis, and the observed specific activity of 
the twice recrystallized lxzvulinic acid dinitropheny]- 
hydrazone was 736 c.p.m./m.mole carbon dioxide. 
This is equivalent to a total count-rate of 31,700 ¢.p.m. 
in the combined sample of dialysed rubber from 
Exps. 2 and 4, or 97 per cent of the total radio- 
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activity initially added to the latex. Only the 
formation of a 1: 4-polyisoprene could give the 
observed retention of activity, and if degraded to 
levulinie acid with the same high efficiency as the 
inactive rubber, would need to have a molecular 
weight of at least 2,000. The dialysis procedure used 
during purification indicates that the synthesized 
material is in fact of considerably higher molecular 
weight. The results also show that the conversion of 
‘sopentenyl pyrophosphate into products other than 
the high molecular weight polyisoprene must have i. 
been negligibly small. 

We wish to thank Dr. Konrad Bloch for the 
generous gift of a sample of [1-'C]-isopentenyl pyro- 
phosphate. 
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Nature and Composition of Dental 
Plaque 
ALTHOUGH dental plaque is often mentioned in 
dental literature, its chemical composition has 
received little attention. Current literature frequently 
refers to ‘“‘dentobacterial plaque’? with the implica- 
tion that it consists principally of bacteria. Manly’, 
however, brushed teeth with a detergent prior to the 


collection of a film, which he called “brown 

pellicle”. This material was free from micro- 

organisms end was considered to be principally 

protein. Vallotton® studied a similar deposit and 


found 8-9 per cent nitrogen and 24-°8 per cent ash. 
Earlier, Dobbs? had also detected carbohydrate and 
lipid materials, in addition to protein and inorganic 
substances. 

We have collected plaque from dentures after 
thorough brushing in a stream of running water. 
This material shows characteristics similar to those 
of the deposits described by Manly' and Vallotton*. 
Samples examined microscopically and by culture 
in various media were virtually sterile. Specimens 
sectioned in a vertical plane and examined by 
standard histochemical techniques appeared quite 
structureless except for occasional cocci on the surface. 
If, however, the washing stage was omitted, moderate 
growth was observed in the cultures. It seems 
likely, therefore, that bacteria, rather than consti- 
tuting the main bulk of the plaque, are located at its 
surface. Different conditions may, of course, pertain 
on natural teeth. 

Plaque collected after washing as described was 
dried in vacuo and stored at 2° C. until required. 
Powdered, weighed samples were stirred in aqueous 
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Suspension at room: temperature using as a stirrer a 
small inverted filter funnel packed with “Dowex 50°: 
the lower end being closed by a dialy SIs membrane. 
After 5 hr. the suspension was filtered and the residue 
dried and weighed. As a check that this method 
successfully removed all the free amino-acids, plaque 
was treated with dinitrofluorobenzene and thoroughly 
washed with organic solvents and water. Before 
the ion-exchange treatment dinitrophenyl derivatives 
of most of the common amino-acids were observed 
in the washings, but afterwards none was detected. 
In order to estimate inorganic material and free 
amino-acids it was necessary to ash samples before 
and after the ion-exchange treatment since this latter 
also removed most of the imorganic constituents 
Lipid material was then estimated by extraction 
with chloroform/methanol (2:1) at room tempera 
ture. The resulting grey-brown powder contained 
14 per cent nitrogen and only 2-0 per cent inorganic 
ash. Since all the common protein-forming amino- 
acids were liberated on hydrolysis this is afterwards 
referred to as ‘plaque-protein’. 

Although only occasional traces of carbohydrate 
were detected after hydrolysis of plaque-protein, 
extensive humin formation was usually observed. 
Hydrolysis in the presence of ‘Dowex 50°? was found 
to be partially effective in preventing this. By adding 
known amounts of glucose to plaque-protein samples 
prior to hydrolysis, it was possible to estimate the 
extent of destruction of this carbohydrate. After 
hydrolysis the aqueous eluate from the resin was 
examined for hexoses and pentoses by the anthrone 
reaction®.* and by paper chromatography according 
to Wilson's method’. The acidic eluate was examined 
by the Elson—Morgan reaction both in solution and 
on paper chromatograms. Analytical results are 
summarized in Table 1. 


Table 1, COMPOSITION OF DENTAL PLAQUE 


Constituent Mgm. percentage of dry plaque 
Inorganic Ca** 2-7 
0-57 
PO, 3°08 
Total ash 10-6 
Nitrogen (micro-Kjeldahl) 
Total 
Protein nitrogen 11-1 
Free amino-acids 11-6 
Lipic iv 
Carbohydrate 
Glucose 3:°5-5 
Pentoses 
Hexosamines < 0-1 


Aspartic acid and arginine were shown to be the 
principal N-terminal amino-acid residues by the 
dinitrofluorobenzene procedure’. These are present 
in approximately equimolecular amounts and only 
traces (< 10 per cent of the aspartic acid) of other 
N-terminal residues (serine and alanine) were 
observed. Treatment of dinitrophenyl-plaque 
protein suspension with chymotrypsin substantially 
reduced the amount of dinitrophenyl-arginine found 
after subsequent acid hydrolysis. By means of a tale 
column’ it was possible to isolate from the soluble 
portion of the digest a dinitrophenyl-peptide, which 
vielded dinitrophenyl-arginine on hydrolysis. The 
protein mixtures obtained from saliva by centrifuga- 
tion or precipitation showed, as expected, a wide 
range of different N-terminal amino-acid residues. 
These results suggest quite a marked degree of 
homogeneity in plaque-protein and imply a certain 
degree of selectivity in the mechanism involved in 
plaque deposition. 
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We are indebted to Mr. B. Steiger for the bacterio- 
logical and histochemical work and to Miss J. C 
Riggott for technical assistance 

b>. J. Minin 
M. H. Smrru 


Research and Development Laboratories, 
Reckitt and Sons, Ltd., 
Hull, Yorks. 
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A New Leaf Copper Protein 
‘Plastocyanin’, a Natural Hill Oxidant 


Tue occurrence in Chlorella ellipsoidea of a new 
copper protein, able to undergo reversible oxidation 
reduction reaction, has been reported by one of us 
S. K.)!. The methods of extraction and purification 
as well as some properties characterizing the sub- 
stance have been described. This substance is dis- 
tinguished from any of the oxidases by the fact that 
in its reduced form it is unable to react directly with 
molecular oxygen. Similar substances have since 
been found to occur in the green leaves of various 
higher plants (for example, spinach and Chrysanthe- 
mum coronarium). In view of its localization in the 
chloroplasts, and its characteristic blue colour in the 
oxidized form, the name ‘plastocyanin’ is proposed 
for this copper protein. Further work has been done 
to elucidate the behaviour of plastocyanin during 
photosynthesis. In this communication, the photo- 
reduction (Hill reaction) of this substance and its 
effect on the photo-reduction of other known Hill 
reagents are briefly described. 

Spinach, obtained from a local market, served as 
the starting material for the preparation of plasto- 
evanin and grana Details of the procedures devised 
for extraction and purification of plastocyanin will 
be published elsewhere. In brief, the substance was 
extracted from the acetone powder of ground spinach 
leaves with 0-01 M phosphate buffer, pH 7-0, and 
the extract was fractionated with ammonium 
sulphate. The precipitate obtained between 50 and 
100 per cent saturation with ammonium sulphate 
was dissolved and dialysed against 0-02 M phosphate 
buffer, pH 7-0, and placed on a column of diethyl 
aminoethyl cellulose equilibrated with 0-02 M 
phosphate buffer, pH 7-0. The column was succes 
sively washed with increasing concentrations of 
phosphate buffer, pH 7-0, and finally the substance 
was eluted with a 0-2 M solution of the same buffer. 
By repeating the ammonium sulphate fractionation 
and column chromatography, a highly purified 
preparation of plastocyanin is obtained. The purity 
index of the preparation thus obtained, expressed as 
the ratio of the extinction at 280 my to that at 597 
mu (maximum of absorption in the visible region), was 
found to be as low as 1-2. 

To prepare grana, 100 gm. of spinach leaves were 
homogenized for 40 sec. in a Waring blendor with 
150 ml. of sucrose solution (0-4 M sucrose, 0-01 M 
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potassium chloride and 0-01 M phosphate, pH 7-0). 
The homogenate was forced through cloth and the 
resulting fluid fractionated by centrifugation, and the 
pellet obtained between 1,000g (5 min.) and 10,000¢q 
(10 min.) was washed three times and finally re-sus 
pended in the sucrose solution. 

To test the photo-reduction of plastocyanin, the 
reaction mixture containing plastocyanin and washed 
grana was illuminated with a tungsten lamp (100 W.) 
at adistance of l5em. The reduction of plastocyanin 
was followed by measuring the optical density at 
597 mu alternately under lijat and dark conditions 
(Fig. 1). In the light, plastocyanine was steadily 
reduced until complete reduction achieved 
During the dark periods between the light periods 
there wes no reduction, nor was any oxidation 
of the substance observed. On addition of ferri 
cyanide after the completion of photo-reduction, the 
597 meu to the original 


was 


recovery of optical density at 
level was readily obtained, thus indicating that the 
observed optical changes were due to the reduction of 
plastocyanin. Potassium cyanide, at a concentration 
of 10-* M., was found to be without effect on this 
photo-reduction. The reaction was also scarcely 
affected by sodium azide at the same concentration. 
On the other hand, o-phenanthroline, known to be a 
potent inhibitor of the Hill reaction, showed a marked 
inhibition, suppressing the reduction-rate by 75 per 
cent at 10°° WM. Although a direct proof of evolution 
of oxygen accompanying photo-reduction of plasto 
eyanin has not yet been obtained, it may be justifi 
able to consider the under investigation 
to be a natural Hill oxidant occurring in the chloro 
plasts of green plants. 

In another set of experiments the effect of plasto 
eyanin was observed on the rate of the Hill reaction 
when other Hill reagents served as oxidants. Although 
the time-course of the reaction was somewhat com- 
plicated by an initial lag-phase, two-fold 
stimulation in the rate of reduction of the dye was 
achieved by the addition of relatively minute amounts 
of plastoeyanin in addition to the main Hill reagent 

2,6-dichlorophenol indophenol, in this case). The 
experimental results shown in Fig. 2 may be best 
accounted for by assuming that plastocyanine in the 


substance 


about 


juction of plastocyanin in the presence of spinach 
nm mixture 150 wmoles phosphate, pH 7-0 30 
m chloride 1,200 wmoles sucrose; plastocvanin 
at 597 mu, 0-44) and grana equivalent to 9 wgm. 
Reduction of plastocyanir 
air (15° C.) 


gsten 


lume 3-0 mil 

rmined spectrophotometrically at 597 my in 

nixtures were illuminated with a 100-W 

) or kept dark (/)) for the periods indicated 

readings of optical density were made by inserting the cuvette 
into the cell-holder of the spectrophotometer 
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Fig. 2. Effect of plastocyanin on photo-reduction of 2,6-dichlor 
phenol indophenol (YPIP) in the presence of spinach grana. 
Reaction mixture: 150 wmoles phosphate, pH 7-0; 30 wmoles 
potassium chloride ; 1,200 «moles sucrose ; 6-7 amole 2,6-dichloro- 
phenol indophenol: grana equivalent to 4° «gm. chlorophyll 
and indicated amounts of plastocyanin (0-1 mi. solution contain- 
ing plastocyanin equivalent to optical density of 0-034 at 
597 mua; light path | em.); total volume 3-0 ml Reactic 
were measured as in Fig. 1; optical density determined at 
600 my. Curves were plotted on optical density scale at arbitrary 
locations on the ordinat« 


initially oxidized state exerts a competitive inhibition 
of the reduction of the indophenol dye, while in its 
increasingly reduced state it entails an acceleration 
of reduction of the dye, presumably by acting as an 
electron carrier. In fact, it will be seen from the 
two lower curves in Fig. 2 that the duration of 
the lag period is roughly proportional to the amount 
of added plastoeyanin. In similar experiments, 
but with mammalian cytochrome ¢ as Hill oxidant, the 
addition of plastocyanin also caused a strong stimula- 
tion of photo-reduction. 

These experimental results suggest that the new 
copper protem under investigation may play an 
important part in the photosynthetic mechanism in 
green plants. 

We acknowledge the interest 
H. Tamiya during this work. 


and advice of Prof. 
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PHYSIOLOGY 


Alteration of the Growth of Mammalian 
Cells in vitro by Ecdysone Extract 


IN insects metamorphosis is controlled by a balance 
between juvenile hormone (neotenin) and meta- 
morphosis hormone (ecdysone) with trophic neuro- 
secretion responsible for periodicity! ‘| Work on the 
reason for regression of atypical growths in Drosophila® 
during the larval stage implicated this hormonal 
mechanism in the observed behaviour*.’. As a 
result of this work, investigation of the possibility 
that hormones in invertebrates may have an effect 
on mammalian cells is in progress. In earlier work®, 
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suggestive regressions of transplanted 


when ecdysone was injected imto 


there were 
tumours in mice 
individuals bearing transplants. Although the large 
of hormone required render this type of 
impractical except on & limited scale, the 
encouraging to stimulate 


amount 
testing 
results were sufficiently 
additional studies 7m vitro. 
Eedysone was extracted 
of Bombyx mori preserved in methanol, and the 
fractions were tested for activity by utilizing the 
Calli phora test® (Parke, Davis and Co. kindly supplied 
facilities and personne! for initial phases of the 
extractions). Cultures of both 180) and 
murine fibroblasts were tested for possible 
after treatment with graduated 
titrated im 


from fresh chrysalides 


sarcoma 
embrvonic, 
alteration in growth 
concentrations of eedysone, which was 
balanced salt solution after passing through a Seitz 
filter Sarcoma 180 was grown subcutaneously in 
mice, and the tumours were removed aseptically on 
the fifth to seventh day following explantation when 
a diameter of 0-6—-0-8 cm, was reached. After the 
tissue was minced in warm, balanced, salt solution 
containing penicillin and streptomycin, fragments 
1-0 mm. in diameter were for culture. The 
fragments were grown by the double coverslip method 
in. chick-plasma clot. using medium consisting of 
Eagle’s basal medium, calf serum, and chick-embryo 
extract. Similar methods were used to 
embryonic fibroblasts. The behaviour of experimental 
and control cultures was followed daily by means 
of photomicrographs, stained preparations, and 
time-lapse, phase cinémicrographs. Dosages of crude 
ecdysone used were 1, 12, 25 and 62 Calliphora units 

The growth of cultures of sarcoma 180 was obviously, 
suppressed within 24 hr. in doses of 12 units or more, 
the effect mereasing with concentration. An inter- 
esting aspect of this work has been rapid, initial 
growth of cells treated with ecdysone, W ith subsequent 
inhibition. Evidence of this is more subjective, 
whereas the evidence of inhibition w ith the extract is 
incontrovertible. Three criteria were used in evaluat- 
ing the effect of the hormone. They were : the 
yrowth curve of the cells. the number of cells and 
the time the cells die. Treated cells reached a plateau 
of growth much earlier than the control cultures, 
which continued to grow. Also the number of cells 
was greater in control cultures, and, finally, death of 
the cells occurred earlier in the series treated with 
ecdysone. Results from experiments with the lowest 
found to be effective demonstrate the method of 


The results obtained in 56 exper: 
9 


used 


grow 


dose 
scoring (Table 1). 
ments with sarcoma 180 are included in Table 

Certain morphological and dynamic characteristics 
of the cells changed with the addition of ecdysone. 
There was diminution in size as well as in the number 
of cells, and the amount of cytoplasm as well as the 
number of pseudopodia were reduced in those treated 
Sarcoma-180 witH 12 Calliphora 
OF EcpysoNnE 


Tay 


INHIBITION OF 


Day ! Day 2 Day 4 Davy 5 


4 


+ 


Control: E, experimental , Cessation of growth. ° Death 

+, growth of few cells attached to explant ++, growth 
of cells near explant; +, growth of many cells some distal 
to explant; +++ Tt, growth of many distant cells, intracellular 


bridges ; formation of sheets of cells. 
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(oncentrat ecdvsom 


Sumuinary ol 
sults 


per Calliphora 


eultur units rr 
1 No alteration of 
growth 
Inhibition begins 
day 2* 
Inhibition begin= 
lay 1° 
Almost complete 
suppression ® 


* Initial enhanceme 
distance which the cells migrated from the 
was also diminished after treatment, and 
mobility of the cells was reduced by ecdysone as 
part of the general inhibition. Nuclear pycnosis. 
rounding up, and early death of cells were augmented 
and an interesting granularity m 


The 
fragment 


with treatment, 
late-treated cultures was very striking. 
Eedysone also altered the growth 
embryonic fibroblasts. The of growth 
delayed by increasing concentration of the hormone 
until total inhibition occurred. The results of 63 
experiments are summarized in Table 3. No initial 
stimulation of growth of these cells was obsery ed. 


pattern of 


onset was 


FIBROBLASTS in vitro 


EFFECT OF EcDYSONE ON EMBRYONTC 


Conecntration et dy sone 
Summary 
Calliphora of results 


units 


per 
culture 


Growth begins 


day 2 


Growth begins 
day 3 
Growth begins 
d 


av 4 
Total inhibition 


The presence of a threshold and the imerease im 
effect up to total inhibition with increased dose of 
hormone all indicate that crude ecdysone inhibits 
the growth of both sarcoma 180 and embryonic fibro- 
blasts. ‘Two differences in the type of inhibition of 
sarcoma 180 in comparison W ith embryonic fibroblasts 
are of interest. First, there 18 a suggest ion of initial 
enhancement of growth, with subsequent inhibition, 
in the case of sarcoma 180 which was not observed in 
the growth pattern of treated, embryonic fibroblasts. 
Secondly, sarcoma 180 grows initially in the culture, 
and the length of this period of growth is curtailed 
as the concentration of hormone 1s 
On the other hand, the time at which 
fibroblasts begims 1s extended 
threshold to 


increasingly 
augmented. 
growth of embryonic 
by the hormonal preparation from @ 
complete inhibition. 

Whether the increased granularity m older, treated 
cultures has some significance im commexion with the 
effect. of the hormone on alteration of intracellular, 
enzymic activity under serutiny. Since a crystalline 
exact ingredient of 
the preparation responsible for the effect 
identified with certainty. However, the impression 
that the effect paralleled the concent ration of the 
hormone according to bioassay rather than the weight 
of the preparation suggests that the hormone itself 
One of the more interesting questions 
raised by this work is whether this mnemonic 
phenomenon with phylogenetic implications will 
become a useful means of altering certain aspects of 
cellular physiology at will. The possibility of intro 


preparation was not used, the 


cannot be 


is responsible. 
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ducing biological regulators into systems where they 
are effective, yet not normally present or active, is a 
provocative development 

This work was aided by grants from the National 
Institutes of Health, Department of Health, Educa- 
tion and Welfare and the American Cancer Society. 
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Serum Iron and its Transport Mechanism in 
the Fowl 


Lirri bk work seems to have been done on iron metab 
olism im the fowl, espe cially in the field of transport 
investigated this mechanism ip 
various mammals' and later in the fowl*-*. [ron in 
the blood is attached to §$,-globulin (transferrin o1 
siderophilin), the transport mechanism of which 
seems to be common to higher vertebrates ; but we 
found in the hen bird that there is a special behaviour 
during the laying season*.'. 

It has been shown’ that during the 
the hens had a high level of serum 
Ramsay's techniques*.’, we were able to show that the 
values of serum iron are even higher than the total 
in the serum of laying hens 


by serum. First, we 


laying season 
iron. Using 


iron-binding capacity 
and laying ducks’. 
We have studied four species: Gallus domesticus, 
gallopavo, Anas platyrhynca, var. Kaki- 
Carnpbell and Anser anser. In each we determined 


Serum Tron, ToTaAL [TRON-BINDING CAPACITY AND SATURA 
TION CORPFICTENT IN CERTAIN BIRDS 


Table 1 


Total iron- 

Sex and Serum iron binding 

Species No. of (y Fe per capacity 
speci (y Fe per 

cent) 


Saturation 
coefiicient 
(per cent) 
mens 
302 -1+12-2 
Meleagris 
gallo; aco WNL 


Gallus 
domesticus 


inas platy 
rhunca 


inaer 
anser 


» laying. 
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SERUM IRON BEFORE AND AFTER TREATMENT WITH MAG- 


BIRDS 
Total iron- 
Serum iron binding cap- 
Species vi Fe per cent) 


Gallus 


domesticus 


inas 
platyr hunca 


serum iron values and the total iron-binding capacity 
In addition, we have 


sidero 


using Ramsay’s methods*.’. 
also calculated the saturation coefficient for 
philin. 

Laying females show a considerable rise in serum 
iron, giving values higher than those for males and 
for non-laying females ; these values are also different 
trom those which were found in different maninials 
This rise has been observed especially in ducks and 
(Table 1). The difference in total iron-binding 
capacity is clearly marked in thes: species, although 
it is not so evident as the corresponding serum iron 
values. However, the differences for females during 
and outside the laying season for the same species 


rooese 


are not statistically significant. 

The values for the saturation coefficient of sidero 
philin are much increased (100 per cent) in the laying 
female. 

It is surprising to see how the serum iron values are 
approximately doubled compared with the corre- 
sponding total iron-binding capacity. This resulted 
from the application of Ramsay's method’ in the 
determination of total iron-binding capacity, where 
the use of magnesium carbonate to retain surplus 
iron causes at the same time a partial elimination of 
circulating iron. 

The determination of serum iron in serum previously 
treated with carbonate (200 mgm. magnesium carb- 
onate 2 c.c. distilled water + 1 c¢.c. serum, 
during 30 min. and centrifugation) gives a value for 
the laying female of approximately 50 per cent of 
that for untreated serum (Table 2). On the other 
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Fig. 1 Electrophoretic bands and their corresponding auto- 
radiographs of the following sera (a) Serum of a laying 
duck to which has been added iron-59 in ritro (1 mi. serum 

2 wgm. (12 we.)). (6) Serum of a laying hen which has previously 
received by injection 2 iron-50 (12 (ec) Serum of a 
laying hen to which has been added iron-59 in vitro (2 ml. serum 

2 (12 we.)) 
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hand, there are no significant differences using serum 
from females not in season or for serum from males 
treated in the same way. 

It is to be noticed that the average value of total 
iron-binding capacity does not differ statistically 
from the serum iron concentrations determined after 
treatment with magnesium carbonate (Table 2). 

In the laying fowl, iron metabolism shows a special 
character and its transport through the blood presents 
special characteristics. Two possibilities may be 
considered : (a) that iron travels bound exclusively to 
siderophilin, with one fraction firmly bound (total 
iron-binding capacity), and the other fraction more 
weakly bound and easily separated by the action of 
carbonate; and (b), that besides the siderophilin 
other protein fractions take part in the transport of 
iron. 

Recent work with indicates that both 
mechanisms are in operation. In laying ducks, the 
addition of iron-59 in vitro to the serum shows 
constant fixation to the $-globulin (Fig. la), and 
the same behaviour is observed on injecting the 
radioactive iron into the laying hen (Fig. 16). On 
the other hand, the addition of iron-59 in vitro to 
serum of laying hens is fixed to all the globulins, but 
preferentially to the 8-fraction (Fig. Ic). 
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Evidence for the Granular Localization of 
Posterior Pituitary Hormones 


ENDOCRINE organs are able to maintain high 
concentration gradients between their secretory cells 
and the extracellular fluid. The mechanisms for 
maintaining this gradient are not clear, although 
restraining the hormones within a semipermeable 
membranous structure could sub-serve this function. 
Herlant! and Brown and Hess? have shown that 
many hormones of the anterior pituitary are stored 
in @ particulate form. In addition, the work of 
Hillarp et al.* and Blaschko and Welch‘ indicates 
that adrenaline and noradrenaline are stored in 
granules within the adrenomedullary cells. 

There is abundant histological and morphological 
evidence that the neurohypophyseal hormones are 
found in association with material of a granular or 
colloidal nature. Rosenfeld’ found that following 
long-term ultracentrifugation oxytociec and pressor 
activity was confined predominantly to the sediment. 

The following experiments indicate that by a 
relatively simple centrifugation technique a_ sedi- 
mented fraction can be obtained from = sucrose 
homogenates of neurohypophyses that contains 
very much more of the antidiuretic hormone and 
oxytocic hormone than does the supernatant. When 
distilled water is added to this sediment it releases 
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the hormones. This suggests that they are stored 
in the neurohypophyses within a membranous strue- 
ture 

Cattle neurohypophyses were removed within 60 
min. of killing. The glands were kept chilled while being 
pressed through a 0-5-mm. porcelain sieve. The 
pressed tissue was then homogenized in 0-55 mM 
sucrose using a power-driven plastic rod within a 
loose-fitting glass test-tube. Comparative experiments 
suggested that this concentration of sucrose was 
more suitable than 0-25 M or 0:88 M sucrose or 
saline. The homogenates were then centrifuged at 
1,000g for 10 min. The sediment was discarded and 
the supernatant recentrifuged at 50,000g for 20 min. 
The sediment was washed five tirnes with sucrose, 
and after the last wash the sediment was resuspended 
in distilled water of the same volume as the last 
sucrose wash. The sediment was then removed by 
centrifugation at 50,000g and the hormonal activities 
determined in the supernatant from the last sucrose 
wash and in the distilled water. The antidiuretic 
activity was determined by Dr. Bengt Andersson® 
The oxytocin assays were 
performed on the rat uterus. The chicken blood- 
pressure method was also used. The results are 
expressed as total activity in the water-ruptured 
granules (sediment) or in the supernatant from the 
sucrose-washed granules (supernatant). 


on the hydrated goat. 


UNITS OF HORMONAL ACTIVITY OBTAINED FROM 2°5-GM, 
CATTLE NEUROHYPOPHYSEAL TISSUE 
Sediment B.P.-6 Supernatant 

120 


0-60 


Table 1. 
B.P.-5 


Antidiuretic activity 
Oxytocie activity 103 


The results indicate that in the gravitational 
tields employed the hormonal activities were pre- 
dominantly located in the sedimentable fractions. 
The release of the humoral activity from the sediment 
by distilled water suggests an osmotic rupturing of 
a membranous structure, as has been shown for the 
catechol-containing granules. 

It is interesting to speculate on the possible 
physiological significance of the granular localization 
of hormones. As a working hypothesis, we would 
suggest that the adequate stimulus to an endocrine 
gland may selectively alter the integrity of the 
granular membrane restraining this gland’s hormonal 
secretions. 

We wish to thank Dr. Bengt Andersson for assaying 
the antidiuretic activity in our preparations. The 
senior author is grateful to Prof. U. 5S. von Euler 
for the opportunity of carrying out this work in his 
laboratory. 
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Mucopolysaccharides and Thyroid Function 


IN diseases with intense tissue disintegration, im 
agreement with reports in the literature'.*, the muco 
polysaccharide (hexosamine)-level of blood was found 
to increase : thus in tuberculosis and in cancer it was 
found to increase from the normal level of 83 mgm. 
to 120-160 mgm. per 100 ml. In tuberculosis*® and 
(’.H mouse carcinoma‘, the local formation of neutral! 
mucopolysaccharides could be demonstrated. The 
neutral mucopolysaccharides—formed in the hypoxy 

areas of the diseased tissues—are drained 
through the lymphatic vessels. They can be traced 
in the blood, and so the increase of the mucopoly 

saccharide content can be interpreted in terms otf a 
pathological mechanism. It is known that, after 
healing, the mucopolysaccharide content returns to 


biotic 


the normal level. 

The question arose as to which organ or neuro- 
endocrine systernm regulates the normal mucopoly- 
suwccharide content of the serum. According to results 
im the literature, the mucopolysaccharide-level is 
mereased in myxcedema’®*. Attention was therefore 
focused on the thyroid gland. The colloid of the 
thyroid gland gave a positive reaction with the 
periodic Schiff reagent. Thus the possible role of 
the thyroid gland comprehensible 
The effect of some hormones has already 
cussed by Boas and Foley® and by Dorfman 
Schiller’. 

Woe investigated the mucopolysaccharide content of 
16 hyperthyroidic patients of the I. Medical Clini 
of Debrecen We the method of Elson and 
Morgan described by Winzler and modified by 
Szaboles and Tanké*. By the latter modification 
nearly the whole procedure is carried out in the sam 
tube—the limit of error is less than 3 per cent. The 
results for these patients are represented in Fig. 1. 
Some of the patients were only slightly hyperthy- 
roidie, or had nearly normal thyroid function. How- 
ever, the average mucopolysaccharide content was 
considerably less than the normal level. On the other 
hand, the mucopolysaccharide content of the blood 
of hypothyroidic patients was found to be higher 
than the normal, and considerably higher than the 
mucopolysaccharide-level of hyperthyroidic patients. 

In evaluating the significance of the mucopolysac 
charide-level of a patient suspected of hypothyroidism, 
we have to consider that a high mucopolysaccharide 
level occurs not only in cases of myxcedema but also 
disintegration of 


became more 
been clis- 


and 


used 


in several diseases with increased 
tissues (tuberculosis, carcinoma, rheumatism, pneu 
monia, ete.). Thus a high mucopolysaccharide-level 
(caused, for example, by pneumonia) may eventually 
mask hyperthyroidism. However, a low mucopoly 


saccharide content is found to be connected with 


Hypothyroid leve/ 


| Normal Hexosamine leve; 
|83/2 4/ing % 
‘= 


Hypertiny 
‘eve 


10 
Mgm./100 ml 


Diagram illustrating the hexosamine-level of hypothyrvidi« 
100 mil.) and hyperthyroidic (averag 
per 100 mil.) patients and 

of these patients proved t 
respectively 


average YY per 
fis with correction 60 mgm 
two weeks later the hexosamine-level 
be 70 and 68 mgm. per 100 ml 
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hyperthyroidism, provided that there is no insuffi- 
ciency of liver or kidney. To make a diagnosis, several 
other diagnostic methods should be tested. 

We wish to direct attention to the 
existing between the local or general hypoxybiosis, 
the formation of mucopolysaccharides and thyroid 
function. 
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Experimental Data concerning the Connexion 
between Thyroid Function and 
Mucopolysaccharide (Hexosamine)-Level 


In the preceding communication it was demon- 
strated that the mucopolysaccharide content of the 
blood (normally 83 + 4 mgm. hexosamine per cent) 
is decreased in hypert hyreosis (65 mgm. per cent om 
average) and increased in myxcedema (100 mgm 
per cent on average). We have tested these observa 
tions on experimental animals. 

Experiments on rats applying heat and cold stress 
failed to give evaluable results. Thyroidectomy was 
carried out on 6 dogs. Their mucopolysaccharide 
(hexosamine)-level was found to within 
3-6 weeks by 44 per cent, and was accompanied by 
Afterwards, thyroid 


mcrease 


clinical signs of myxcedema. 
hormone (“Thyroxyne’, Roche, | mgm. per day, the 
dogs weighing 10-12 kgm.) was administered for 
3-4 weeks; the increased hexosamine-level of the 
dogs, which fluctuated for one or two weeks, decrease 
below the original normal level. Methylthiouracy! 
(0-05 gm. 4-methyl-2-thiouracyl per kgm.) 
administered to a further 6 dogs (10-12 kgm.). The 
hexosamine-level of these dogs increased within 
Thereafter these 


Was 


» 


weeks by an average of 30 per cent. 
dogs received also thyroxine (1 mgm. per day con 
tinuously). Three of the dogs died prematurely. The 
hexosamine-level in the remaining three de- 
creased within 2-8 weeks to an average of 72 per cent 
of the original level. Administration of thyroxine to 
4 untreated dogs produced a decrease in the hexos- 
amine-level. The statistical evaluation of these two 
experiments gave a significant difference (Prof. 
Gyires, Department of Applied Mathematics). The 
results obtained on untreated dogs were not evaluated 
statistically, the number of the experimental animals 
being too small, and the changes in these experiments 
were only in one direction. 

These experiments showed that experimental 
thyroidectomy (6 dogs) and methylthiouracyl treat - 


dogs 
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ment (6 dogs) caused a significant increase of the 
mucopolysaccharide (hexosamine)-level of the blood 
serum, whereas thyroxine treatinent (II 
brought about a significant decrease of the muco 
polysaccharide-level of the serum. It may be added 
that thyroxine still had this effect even after thyroid 
ectomy. 

Our previous observations on man on the correla- 
tion of the decrease of the hexosamine-level in cases of 
hyperthyreosis were confirmed by our experiments 
on dogs. By the administration of thyroxine, the 
hexosamine-level could be decreased. On elevating 
the hexosamine-level by previous thyroidectomy or 


re 
dogs} 


by prolonged administration of methyl thiouracy], 
the effect 
using the method of thyroidectomy, we were able to 
confirm the findings of Boas and Foley that thy 
roidectomy on rats produced a sustained increase in 
Our expernnents 


of thyroxine became more manifest. By 


the hexosamine-level of the blood. 
thiouracy! and our observations on 
the 


on dogs using 
ian regarding myxcedema were supported by 
experimental results on hyperthyreosis. 

Thus we conclude, as regards and 
that the decrease of thyroid function results m an 
elevation of the mucopolysaccharide (hexosamine) 
level, while the sustained increase of thyroid function 
results in a the 
hexosamine)-level of the blood. 


dogs man, 


decrease of mucopolysaccharide 
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Identification of a Compound found 
during Separation of Purines in Human 
Urine 

luk purine bases of normal human urine have been 
separated, identified and quantitatively estimated! 
During these investigations several additional un 
known compounds appeared with the purines ; they 
were separated and designated W.S and Z. 

In our search for abnormal purmes in the urine of 
patients with cancer and leukwmia, compound Z was 
found in high concentration in the 
loukwzemia patient From examination of a 
number of urine samples, it appeared that 
subjects and leukemia patients in remission excreted 
large amounts of this material when compared with 
patients with cancer and active leukemia. Identifica 
tion of this compound was therefore undertaken. 

Compound Z was isolated from a urimary concen- 
trate by gradient elution chromatography on a column 
of ‘Dowex 40. Further purification was accom- 
plished by ascending 2 dimensional paper chromato 
vraphy Papergrams containing compound Z were 
sprayed with several reagents, but only the Jaffe 
reagent gave a positive reaction. The finding of a 
single red spot with this reagent in the position oceu- 
pied by spot Z (rendered visible by ultra-violet light 
suggested that this compound might be creatinine. 


urine of 
limited 
normal 
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Overlays of creatinine and Z in four different solvents 
gave no separation of these compounds. 

The ultra-violet absorption spectrum of Z is unlike 
that of purines in that it has only end-absorption 
between pH 2 and 5, and above 11. It has, however, 
an absorption maximum between pH 5-8 and II at 
232 mu. A pure sample of creatinine exhibits the same 
ultra-violet absorption characteristics. 

The insolubility of a silver purine complex in acid 
the Weissinann’s! separation 
of purines from creatinine, amino-acids, and pyrimid 
whether creat imine 


solution is basis for 


ines. In order to determine 
could be precipitated with acid silver nitrate, a solu 
tion of similar creatinine concentration to that found 
in the urinary concentrate was prepared ; this con 
tamed 10 mgm. creatinine ml. water. Addition of 
acid silver nitrate gave a precipitate which was 
filtered, washed, and decomposed with hydrochloric 
acid under the same conditions as a urinary concen- 
trate. The resulting solution on analysis by the Jaffe 
reaction contained 0-3 per cent creatinine. From this, 
that although 99-7 per cent of the 
creatinine remains in during silver nitrate 
precipitation, the high concentration 
of creatinine in the urinary concentrate is sufficient 
to exceed the solubility product of the silver-creatin 
ine complex, and therefore the residual 0:3 per cent 
is carried through the procedure and appears with the 
purines. 

This work was done at the New York Medical 
College, Flower and Fifth Avenue Hospitals, and was 
through the United States National 
Health, Division of Research Crants 
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Muscarinic Receptors 


THE )-isomers of acetyl-x- and acetyl-3-methy! 
choline are respectively about 10 and 250 times more 
than their corresponding 


We have recently estab 


active muscarinics 

enantiomorphs (Table 1). 
lished the configuration of these ( isomers as I and 
Il '.2: their configurational identity with (-+-)-mus 
carine (111) ‘, is indicated in Fig. I. 

The muscarinic activity of muscarine is considerably 
reduced in the isomers in which the CH,, CH,NMe, 
or OH groups are inverted’. If the quaternary N 
group and the ether O of (III), lyimg almost in a 
plane, form the chief two centres for drug-receptor 
association (the OH group secondary 
association site), then association with receptor must 
involve the lower surface of (111) Inversion of the 
methy! group of (III) would then produce a steric 
{eplacement of this 


about 


acting as a 


barrier against such association 
methyl group by a hydrogen 
reduces activity’, probably because of reduction of 


atom considerably 
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CH, 
oO . 


aBouT 3.02. 


(IV) 
Fig. 1. Configurational relationship of the ( +)-isomers of acetyl-a- and acetyl-S-methylcho 
line with (+ )-muscarine. (1) Anionic cavity negatively charged to accommodate quaternary 
nitrogen. (11) Positively charged point accommodating ether linkage of muscarine or 
ester linkage of acetylcholine and its analogues. (III) + charged area to accommodate OH 


of muscarine, > C=O of acetylcholine analogues or double bond of furan analogues of 
muscarine, et 


electron density on the ether oxygen atom rather 
than by reduction in the availability of van der / \ 


Waals’ forces for bonding. Similarly, the reduced CH 
activity of (V; R = H)* as compared with (V; ~~ CHs 
R = Me) and (VI; R = H) with (VI; R = Me)’ is @) Pe 
explicable. Because of the rigidity of these mole- N 
cules, the complementary muscarimic receptor may 
tentatively be considered as depicted in IV (ref. 8). 
The (+)-isomer of acetyl-8-methylcholine can 
adopt a conformation (I) complementary to that of 
the depicted receptor (IV), whereas the (—)-isomer 
cannot do so. The 250-fold greater activity of the 
former is probably an under-estimate of the true 
difference in drug-receptor interactions, since acety!- 
cholinesterase is known to hydrolyse the former much 
more rapidly than the latter’. The (+)-isomer of 
acetyl-x-methylcholine, because of the increase in 
steric size in the vicinity of the cationic head, unlike 
acetvicholine, cannot present a surface completely (VI 


Table 1. MUSCARINIC ACTIVITIES OF SOME ACETYLCHOLINE-TYPE [SOMERS 


Muscarinic activities Muscarinic activities 
Number of mols of drug Number of mols of 
equivalent to 1 mol. of | Ratio of activity | drug equivalent to 1 Ratio of activity 
acetylcholine ofisomers( +)/(—)) mol. of acetylcholine | of isomers (+ )/(—) 
Drug - - 
Guinea pig ileum 
Mean PE sy _ | Guinea pig ileum Cat blood pressure Cat blood pressure 


CH COOCH,C HN Me 235 204-264 


cH 
+ 1-35-1-01 

CH COOCHCH,N Me 208-277 
+ 0-94-1:-10 

cH, 
+ I 2 243-256 
CH,COOCH,CHN Me, Et 1,695-2,310 
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complementary to (IV). The difference in the 
possible associating surface of the enantiomorphs is 
much less marked in the z- 
acetylmethylcholine. Observed the 
muscarinic activities of the above isomers is therefor: 
explicable in terms of differences in their fit at the 
musearinie receptors (LV). 
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Neural Tissue and Pulmonary Lesions in 
Normal and Irradiated Rats injected with 
Homogenized Homologous Lung Tissue 
mixed with Freund’s Adjuvant 


STARTING from the assumption that auto-immune 
irradiated animals as well as 
animals', we have succeeded in inducing 
experimental allergic encephalomyelitis in irradiated 
rats?. In order to examine the specificity of that 
phenomenon, homogenized organ tissues 
mixed with adjuvant were used, such as brain, liver, 
lung and pancreas. Of the organs used in these 
investigations, lung tissue mixed with adjuvant 
produced the symptoms of experimental allergic 
encephalomyelit is. 

In the experiments 70 albino rats of mixed breed, 
weighing about 180 gm., were used. The animals 
received injections of homogenized homologous lung 
tissue mixed with adjuvant. The ingredients of the 
antigen mixture were added as recommended by 
Lipton and Freund’. 1-0 ml. of the antigen mixture 
was divided into four doses of 0:25 ml. each and 
injected subcutaneously. The doses were given simul. 
taneously in the ventral part of the abdomen, two 
on each side. The irradiation dose was 600 r. (220 kV.., 
15 m.amp., 0-5 copper, 1-0 aluminium, r 40 em. 
the dose-rate was approximately 120 r./min.). 

The injections were given 24 hr., 3 hr., 30 min. 
before, and 30 min., 3 hr. and 24 hr. after, irradiation. 
One group was not irradiated. 

Diagnosis of experimental allergic encephalomye- 
litis was based on the paralysis of limbs and/or 
marked atactic gait, arthritis was detected by 
inspection of paws, and lung lesions were determined 
by inspection of histological sections stained with 
haematoxylin and eosin. Sections of medulla spinalis 
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ENCEPHALOMYELITIs 
RATS BEPOR! 


Table 1. 
(EAE) 


INCIDENCE OF EXPERIMENTAL ALLERGIC 
AND ARTHRITIS IN NORMAL AND IRRADIATED 
AND AFTER IRRADIATION 


fering from 
Arthritis 


Time of antigen injection 


Control (not irradiated) 6/15 


hr 
hy 


were also inspected microscopically, after stamungy 
with hematoxylin—eosin 

The results presented im Table 1 show 70-80 per 
cent incidence of experimental allergic encephalo 
inyelitis in normal and irradiated rats. Only some 
of the animals with symptoms of experimental allergic 
encephalomyelitis had arthritis, whereas pulmonary 
lesions of various degrees were observed in all animals 
The encephalomyelitic symptoms were 
not earlier than four weeks after injections, which is 
later than when brain plus adjuvant is used. On the 
other hand, all the animals recovered in the former 
instance, whereas this was not the case with encephalo 
myelitis induced by brain tissue. 

Histological sections of brain, medulla spinalis and 
lung were examined. 
could be detected. 


manifested 


In brain sections, no alterations 
In the hunbar region of medulla 
spinalis, typical perivascular infiltrations with cells 
of mononuclear type, and in diffuse 
scattered inflammatory cells, were observed. In the 
and in interalveolar 
septa, which became plump and protruded into the 
alveolar lumen, a strong infiltration of inflammatory 


some regions 


pulmonary interstitium 


cells of mononuclear type occurred. 

Although it is not possible to explain the non 
appearance of experimental allergic encephalomyelitis 
in the group of rats injected 24 hr. before irradiation, 
the incidence of pulmonary lesions and encephalo 
myelitis in normal and irradiated animals leads us to 
conclude that auto-immune processes occur also in 
the irradiated organism. 

In this instance it is not possible to explain the 
antigenic relations between brain and pulmonary 
tissue. A careful examination of the remaining 
organs and tissues, and the antigenic relationship 
between them, will be the subject of further investiga 
tions. 
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Inhibiting Effect of Nicotinamide and 
Diphosphopyridine Nucleotide on the 
Methyicholanthrene Sarcoma in Rats 


RECENTLY, Oide! reported that when a pellet of 
nicotinamide was intrasplenically implanted in rats 
after partial removal of the liver, the numbers of 
mitoses in the liver were greatly reduced. Further, 
Fujii and Mizuno® demonstrated that this compound 
has a marked inhibitory effect on the epidermal 
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hyperplasia induced by painting with methyl- 
cholanthrene. We attempted to study the influence 
of the subcutaneous injection of nicotinamide and 
diphosphopyridine nucleotide (DPN) on the incidence 
and growth of tumours induced by: subcutaneous 


injection of methvicholanthrene For this experi 
ment 36 Wistar strain rats weighing about 125 gm 
were used These were divided into three groups. 


each of which consisted of 12 animals. Rats in each 
group received subeutaneous injection of 0-25 ml. of 
eold sterile distilled water (group 1), 1 per cent 
nicotinamide (supplied by Katayama Chemical 
Works, Japan) (group 2) or 0-1 per cent DPN (sup 
plied by Nutritional Biochemicals Corp., U.S.A.) 
(group 3) respectively. 

Nicotinamide and DPN were dissolved in cold dis- 
tilled water. These injections were performed on the 
back of the rat three times a week until the animals 
died or were killed. One week after the first injection. 
all rats were injected subcutaneously in the intrascap- 
ular region with 3 mgm. of methyvlicholanthrene (sup- 
plied by L. Light and Co., Ltd., England) in 0-4 ml. of 
olive oil. The rats of three groups were maintained 
equally on the usual laborat orv diet of whole wheat 
grains with daily supply of some green vegetables 

During the course of this experiment, all animals 
showed gradual increase in weight except 3 rats 
which died of severe pneumonia and lung abscess 
without any tumour within 100 days after injection 
of methylcholanthrene. The remaining 33° rats 
survived more than 100 days after the injection of 
methylcholanthrene, receiving more than 47 injections 
of water, nicotinamide or DPN 

Tumour nodules could be first palpated 92 days 
after injection of methylecholanthrene at the site of 
injection, and 145 days after injection almost all 
animals showed tumour nodules. Twenty-three of 
the tumour-bearing animals died within 167 days ; 
the remaining 10 animals were killed on the 168th 
day after the injection of methylcholanthrene. The 
time of ‘50 and 100 per cent tumour incidence’ in 
each group was as follows: 101st and 120th day in 
vroup |, 122nd and 168th day in group 2, and 124th 
and over 168th day in group 3. Furthermore, the 
tumour-incidence rate in groups 2 and 3 was still 30 
and 36 per cent respectively, even when that in 
group 1 reached 100 per cent. From these results, it 
may be said that the incidence of methylcholanthrene 
sarcomas was retarded by 3-6 weeks in the groups of 
nicotinamide or DPN injection, compared with the 
group of water injection. Average values of tumour 
weight and tumour index in each group were as 
follows : 48-1 gm. and 28-1 in group 1, 34-9 gm. and 
17-8 in group 2, and 27-6 gm. and 15-7 in group 3 
These results denote that nicotinamide and DPN 
both retarded the growth of tumours. All these 
tumours were fibrosarcoma, and no difference was 
observed in histological structure among the groups 
That the presence of nicotinamide greatly imhibited 
cozymase nucleosidase activity in rat brain has been 
reported by Mann and Quastel®. Therefore, it may 
be probable that nicotinamide injection causes an 
accumulation of DPN in the cytoplasm, and so exerts 
its influence by inhibiting the cell division. However, 
the possibility that nicotinamide enhances the rate of 
nuclear DPN synthesis and increase of nuclear DPN 
content results in inhibition of cell division cannot be 
excluded, since it is expected that nicotinamide serves 
as a precursor of nicotinamide mononucleotide which 
is essential for the synthesis of DPN*. Thus, the 
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inhibiting effect of nicotinamide and DPN on the 
incidence and growth of the methylcholanthrene 
sarcoma observed in the present work may be 
attributed to such an inhibitory effect on cell division 

Our thanks are due to Prof. I. Hirono and Dr 
S. Lwase, Nagoya University, for their encourage- 
ment and advice. This work was supported in part 
by a research grant from the Ministry of Education 
and the Japan Cancor Society. 


M. MaTsuyAMA 
\. MAEKAWA 
T. NaGayo 


Second Department of Pathology, 

Nagoya City University School of 
Medicine, 
Japan. 

Oide, H., Gann, 49, 49 (1058) 

Fujii, T., and Mizuno, T., J. Fac. Tokyo Univ., 4, 5, 199 (1958) 

Mann, P. J. & and Quastel, J. H., Biochen J 35, sr 

(1941) 
* Kornberg, A., J. Biol, Chem., 182, 779 (1950), 


Lipofuscin Pigmentation of Sheep Livers 
in Australia 


AcmMost all sheep, as well as some other animals, 
grazing in certain districts of Australia, develop a 
peculiar pigmentation of their livers, portal lymph 
nodes and to a lesser degree of their lungs, without 
showing any adverse clinical signs In the Brisbane 
abattoir about 25,000 livers (3 per cent) are con 
demned annually because of this discoloration The 
pigmented livers are also seen in the Sydney abattoir, 
but are completely unknown in Tasmania, South 
Australia, Victoria and Western Australia, according 
to information obtained from the chief veterinary 
officers of these States. 

According to observations by veterinary officers. 
graziers, drovers and other people dealing with 
s found in all sheep 


animals, the pigmentation 
grazing in certain areas of mulga (Acacia aneura) 
country. No such evidence has been encountered 
outside mulga country, but as stated above, this 
condition does not occur in Western Australia, South 
Australia or the Northern Territory, although they 
contain considerable areas of mulga country 

Local people claim to have noticed the discoloration 
in the livers of sheep, slaughtered as early as two on 
three weeks after arrival in this particular type of 
country, while other sheep, which came with the 
same group but were slaughtered earlier, had normal 
‘red’ livers. The circumstances in which this pig 
mentation occurs pomts very strongly towards a 
nutritional origin. However, it is not known 
what constituent of the diet is responsible for the 
chanye. 

Mulga forms extensive forests, in country he- 
tween the 8-20 in. annual isohytes. It is one of the 
most important fodder trees in Queensland, being 
usually 5-8 m., but sometimes up to 12 m., high 
in periods of drought trees or branches are cut down 
and sheep may be maintained on the leaves for years 

On superficial examination all parts of the affected 
livers are of uniform colour, which may range from a 
slight darkening to a deep charcoal grey. Closer 
inspection of the dark livers reveals a brown to black 
lace-like network, outlining the liver lobules of 
peripheral and cut surfaces. Histological examination 
shows pale yellow to dark brown granules, about 
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SUMMARY OF MosT SIGNIFICANT REACTIONS 


No. 4765 
Table 


Dark Lipe- Melanin 
liver fuse. skin 
uranh. heart eve 


Light 
liver 
gran 


Dives 

Neutral red 

Gentian violet 
Mallory'’s hamofuscin 


Buffered staining 
Methylene blue pH 9-2 


Methylene blue pH 9-2 
ifter benzoy lat 


Methylene blue 
ifter methyl 
ithon 

Basie dyes after bleaching 

Nile blue 

(rentian Violet 
Mallory’s hamotus« 
Giemsa 


Methylene blue 


Fat stalls 
Sudan 
Sudan black 
Oilred 


» Reduction test 

Bielschowskys 
reaction 

erric ferrievan 


silver 
read wt 


ferricyanide 
test after 
wid 


schiff reactions 
Periodic acid 
Performic acid 
Peracetic acid 


Schiff 
Schiff 
Sehitt 


Bleaching 

Melanin 

pidermis 
12 days, 
pigment dis 
appeared, 27 
days, ne 


pigment 


After 17 day . > ays 
bleaching no 
pigment pisment 
pigment 
visibl 


0. unstained or test negative or inhibited by blocking 1, almost 


unstained or test gives a very slight reaction, still regarded as negative 
2, poorly (slightly) stained or test weakly positive +, well (distinetly) 
ined or test well positive ; 4, very well (very distinetly) stained or 


ry strongly positive. 


» microns in diameter, mainly in the liver cells. In 
the darker livers they are also in the Kupffer cells, 
in phagocytic cells of the portal tracts and in the 
lumen of central veins and to a lesser degree in the 
vessels of the portal tracts 

This pigmentation is usually referred to as ‘melano 
sis’, beeause the pigment has the general microscopic 
However. the condition is 
congenital 
and other 
microscopic 


appearance of melanin. 
different from genuine 
abnormality, seen occaronally in liver 
organs of slaughtered animals'. The 
distribution of the pigment 1s also most unusual for 
melanin; consequently a full investigation of the 
nature of this pigment was earried out, and the 
detailed results will be published =m monograph 
form?. 

Numerous reactions were 
simultaneously on liver tissues and on identically 
treated control material of skim from a black dog. 
eyes from sheep and bovine hearts with extensive 
lipofuscin pigmentation. The reactions shown in 
Table 1 proved particularly useful for differentiating 


melanosis, 


tried and performed 


bet ween lipofuscin and melanin. 

(1) Staining with neutral red, gentian violet and 
Mallory’s hamofuscin method. The granules in liver 
and heart were stained to various degrees, while the 
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melanin in skin and eye was not stained. With 
Mallory’s hwemofuscin method the number of visible 
vranules in the liver was increased due to stained 
precursors. 

(2) Buffered staining with methylene blue, without 
and after blocking by henzoylation and methylation 
Only three pH values are given im Table 1 although 
17 were used, ranging from 9-20 to 2°31 

This reaction separated the pigments distinetly in 
two groups Without previous blocking. the granules 
in liver and heart showed strong affinity to methylene 
blue in alkaline solution, which lessened with decreas 
ing pH. In contrast, the me lanin granules staimed 
almost uniformly throughout the pH range, and the 
lowest pH even increased their affinity to the dye. 
Benzoylation the staiming of 
lipofuscin, but intensified that of melanin. Methyl 
ation had the same effect to a much higher degree. 

(3) Staring u ith basi die 8s after bleaching, parti “ 
larly with Nile blue, qentian violet, fuchsin, 
Giemsa and methylene blue. In unbleached sections 


reduced not iceably 


hasiw 


all pigments showed affinity to the above dyes. When 
the tissues were bleached in a mixture of hydrogen 
peroxide and alkali, the liver and heart granules 
reappeared on staining, even when they had been 


exposed to the bleaching agent for a considerably 
longer time than necessary for complete bleaching of 
the pigment. The melanin yranules had lost their 
affinity to the basic dye even before they had been 
completely bleached. 

(4) Fat stains with Sudan LV. ott red 0, and particu 
larly Sudan black. The granules in liver and heart 
were stained with the above dyes im increasing mten 
sity, whereby the paler granules showed a stronger 
reaction than the darker ones. The melanin granitles 
remained unstained. 

>) The ferric ferricyanide reduction test after treat- 
ment with chromic acid and the Bielse howsky silver 
The ferrie ferricyanide reduction test Was 
positive with all pigments. However, when the 
slides were previously treated with chromic acid it 
was noticed that the liver and heart vranules gave a 


reaction. 


negative reaction, while melanin was still positive 
The Bielschowsky silver reaction differentiated 
between lipofuscin in the heart, which was not or 
only slightly darkened, and the melanin granules, 
which showed distinct blackening. In the liver the 
light granules remained unaltered, while the dark 
ones were moderately darkened. 

(6) The pe riodic, pe rformic and pe racetic acta Schiff 
reactions. These reactions were positive to var1ous 
degrees with the liver and heart, but 
negative or almost negative with melanin. 

(7) Bleaching with hydrogen pe roxide. Not 
speed of bleaching but particularly the difference 
formalin. and aleohol-fixed material was 
observed It was noticed, first, that lipofuscin was 
more resistant to bleaching than melanin. This is a 
technique of distinguishing 
Secondly, it Was 


pigment in 


only 


bet ween 


generally recognized 
between lipofuscin and melanin. 
observed that lipofuscin bleached more quickly im 
aleohol than in formalin-fixed tissue, while the reverse 
was the case with melanin. The pigment in the liver 
acted like lipofuscin. 

As a result of these reactions it 
cluded that the pigment in the livers is lipofuscin at 
various stages of oxidation, ranging from unstained 
precursors, which can be made visible by certain 
reactions, to dark brown and very inert granules, 
which may be difficult to distinguish from melanin 
A number of the techniques represent an 


has been con 


used 
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advance in methods of differentiating lipofuscin and 
melanin. 
Hans WINTER 
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University of Queensland, 
Brisbane. 
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RADIOBIOLOGY 


Accidental Radioactive Labelling of a 
Migratory Moth 


Radioactive labelling from the Sahara atomic bomb 
tests (by H. B. D. K.). It has been shown in the 
laboratory that if the larve of Lepidoptera are fed 
on radioactive foliage for a 24-hr. period, the resulting 
radioactive imagines can be readily identified. 
Furthermore, for such an isotope as sulphur-35, the 
count may actually be higher in the imago than it 
was in the larva. This is due to the increased surface 
area of the wings'. More recently, this method has 
been put to the test in wild populations’. Homo- 
mnetabolous insects, and in particular the Lepidoptera, 
are in fact ideally suited to this type of labelling. 

In February 1960, it was reported that the first 
of two atomic weapons had been exploded success- 
fully in North Africa. It appeared to me that this 
might offer an opportunity for the first time of 
checking whether certain migratory moths, which 
arrive in Great Britain in the early months of the 
year, had flown direct from the African Continent. 
It has not hitherto been possible to show by any 
experimental devices whether certain species that 
have their breeding reservoirs in the North African 
deserts do in fact spread northwards from Africa 
each year throughout Europe. Accordingly, a notice 
was placed in many British and Continental entomo- 
logical journals requesting early migratory speci- 
mens of seven species suspected by me of maintaming 
their winter populations in North Africa but not in 
Europe. 

Of the several hundred specimens received (the 
majority were the Noctuid moth, Plusia gamma L.), 
one insect only was found to have an increased count 
under the Geiger-counter. This was a specimen of 
Nomophila noctuella L. (Fig. 1) taken by me in a 
mereury-vapour trap at Steeple Barton, Oxford, on 
the morning of March 10. This insect, which was a 
pale buff colour, unlike the home-bred specimens 
which occur in the late summer, was one of four taken 
in Britain about the same date. It consistently gave 
« count of 15-20 per cent above background. The 
specimen was therefore subjected to autoradiography 
for three months, at the end of which time the X-ray 
films were developed. Because of the increased count, 
it Was anticipated that a larva of this quick-feeding 
species might have fed on contaminated vegetation 
and that the resulting imago would show the usual 
autoradiograph of an individual so treated. The 
X-ray films, however, showed no such thing, but a 
single spot of very small size was visible. In view of 
this, and at the request of the Health Physics Divi 
sion, Atomie Energy Research Establishment, Har 
well, the insect, along with the autoradiographs, was 
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Fig. 1. (x 


passed over to them, and their findings are reported 
here. During the earlier investigations, a specimen 
of N. noctuella taken in 1892 was used as a control. 
It gave negative results throughout. 

Report on the radioactive moth Nomophila noctuella 
L. (by M. J. H.). The appearance of the initial 
autoradiograph suggested a point source of 6y- 
activity close to the surface of the thorax of the moth. 
Subsequent autoradiographs of preparations of this 
part of the moth resulted in the identification of a 
single radioactive particle (Fig. 2). This particle is a 
perfect sphere, 94 in diameter and of a dark brown 
colour. It is entirely typical of the particles observed 
after test explosions on, or near, the surface of the 
ground and is probably composed of fused silica 
coloured by traces of metal. 

As there had been a long gap in the testing of 
nuclear devices before February 1960, a particle of 
this size could not have originated from earlier 
explosions. Its origin in the Sahara test of February 
13 is confirmed by the pattern of its radioactive decay 
Several estimates of the disintegration-rate were 
made using an end-window counter initially, and the 
size of autoradiograph images later. The decay of 
mixed fission products is normally expressed in the 
form A cx 7'-", where » is a constant. The scatter of 
measurements, Which involved several different 
detection systems, is considerable. However, assuming 
the time of origin to be February 13, the value of » 
for this particle falls within the range 1-0-1-5. This 
agrees with observations of the decay of individual 
fall-out particles. The actual activity of this particle 
on March 18 was 7 uue. (beta). 
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The value to migratory problems of the evidence 
from this moth depends on where it picked up the 
particle —-in Africa or in more northerly latitudes. 
Meteorological data suggest that the main radioactive 
cloud travelled eastward in a fairly narrow cone. 
Rises in levels of activity observed in western Europe 
indicate arrival of the cloud at the end of February 
(26-29) after the first global circuit. At this age, it is 
unlikely that 9-4 particles would still be present. A 
possibility would be of a small, highly active particle, 
airborne for two weeks, and afterwards attached to 
a 9-2 particle of natural dust. This could have 
happened anywhere over Europe. However, the 
particle observed was not a resolvable aggregate and, 
as stated above, was typical of particles originating 
in the high temperature of the explosion. There is also 
the possibility of pockets of contaminated tropical 
air passing over southern Europe and depositing 
radioactive particles in the period immediately after 
the explosion. We have no definite evidence to 
support this beyond a slight rise in southern Italy on 
February 22-23. However, even if this did oceur, 
large particles such as that on this N. noctuella 
would be very rare, whereas they could be quite 
abundant in the area of immediate deposition in the 
Sahara. I believe, therefore, that there must be a 
very strong probability that this moth acquired its 
radioactive particle before leaving Africa on _ its 
journey northward. 

Conclusions. The evidence provided suggests, but 
not conclusively, that insects as small as the moth 
N. noctuella can cover a distance of approximately 
1.500 miles in the course of their short lives. 

H. B. D. 
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Influence of Hypothermia on the Survival 
of Mice after Large Doses of X-Radiation 


Ir is known that hypothermia applied afte: 
irradiation prolongs the survival of frogs'* and 
hibernating animals*, and slows down destructive 
processes in the hwmat opoietic tissue and blood3.*. 
In our previous work we showed that prolonged 
hypothermia at 22-25° C., lasting 6-48 hr., after 
irradiation also slows down destructive changes in 
the blood, spleen and bone marrow®.*. After the 
ending of hypothermia and reaching the normal body 
temperature these changes, however, develop even 
more intensely than in controls subjected to irradia 
tion only and the mean survival-time is shorter. 
After doses up to 15,000 r. animals survive for more 
than 3 days after irradiation’ and do not tolerate 
such prolonged hypothermia. Therefore investiga 
tions of the survival-time after irradiation in homoi- 
othermie animals under hypothermia can be carried 
out only after large doses of irradiation where the 
control animals die a few hours following irradiation, 
which is a well-tolerated duration of hypothermia. 

In our experiments white male mice were used 


25 gm., which were divided into four 


weighing 20-25 
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Table 1. STATISTICAL EVALUATION AS COMPARED WITH CONTROLS 


Minimum 
and maxi- 
mum sur- 
vival time 
(hir.) 


Mean survival 
time (hr.) 


No. of 


wooo 


Control 24 

Luminal sodium 20 
27-30° C. 

Artificial hypo- 

thermia 20 

t 20-24°C 


Hypothermia 
t 20-2 


45.000 7 


Control O-15 


Sodium thio- 
pentone 1-10 oll 
t 34-35° C. 10t significant | 
VII Artificial hypo- | 
thermia i 
t 20-24° C, 
Hypothermia 


Vill 
t 20-24° C 4 


o-oo) 


groups: irradiated controls without hypothermia 
(Table 1, V), mice with intraperitoneal injections 
of ‘Largactil’ and ‘Phénergan’ (‘Specia’) solutions at 
0-2 ingm./10 gm. body-weight which were subjected 
immediately after irradiation to hypothermia, that 
is, a body temperature of 20-24° C. measured by 
thermocouple in the rectum (Table 1, III, VII- 
artificial hypothermia), mice subjected to hypothermia 
in ice without the lytic mixture and maintained up 
to death at a body temperature of 20-24° C. (Table 1, 
IV, VIII-—-hypothermia) and finally mice with 
luminal sodium anesthesia (Table 1, II) and thio- 
pentone sodium anesthesia (Table 1, VI). We 
irradiated four mice at a time, one from each group, 
in a plexit box on a turning-table (two rotations pet 
min.) which ensures homogeneity and uniform X-ray 
dosage. Mice of groups I-LV were subjected to whole- 
body irradiation with 40,000 r., groups V-VIII 
45,000 r. (180 kV., 15 m.amp., without filter, target 
distance 16 em., dose-rate 1,000 r./min.). 

In a special experiment we confirmed the finding? 
that the mean survival-time of mice exposed to doses 
of 15,000-50,000 r. decreases exponentially with the 
rising dose of irradiation and is thus a suitable 
criterion for our experiments. 

The mean survival-time of mice after irradiation 
is recorded in Table 1. Hypothermia prolongs with 
statistical significance the mean survival-time of 
animals and reduces the effective dose of radiation 
10,000 r. to about 35,000 r. and from 45.000 r. 
38,000 r. This effect can be ascribed to 
two mechanisms: hypothermia which slows down 
the development of pathophysiological! 
after irradiation and the associated inhibition of the 
central nervous system which leads to a mitigation 
of symptoms described in the literature after these 
large doses of irradiation, to a reduction of the hyper 
excitability and to a delay of the convulsive state 
The inhibitory effect of hypothermia of 20-24° C. 
corresponded approximately to the effect of thio- 
pentone, after which we did not record an increase in 
the survival time. Sodium luminal anesthesia had 
a protective effect, but reduced at the same time the 
body temperature to 27-30° C., and therefore we 
cannot ascribe the longer period of survival entirely 
to the inhibition of the central nervous system. It 
is more probable that the main part is played by 
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hypothermia and the associated inhibition of the 
central enhances the protective 
effect. This may explain also the somewhat more 
favourable results obtained with hypothermia when 
combined with the administration of the lytie mixture 


nervous system 


than with hypothermia alone. 
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Theoretical Considerations in the 
Uitra-violet Irradiation of Micro-organisms 


Morowrrz' has derived equations relating survival 
ratio (N/N,) for a given species of micro-organism to 
the ultra-violet quantum density (B,) at the surface 
of an irradiated volume of liquid of absorbance « and 
uniform depth L. For a micro-organism of ‘target 
area’ SN, the equation for a perfectly mixed volume of 
liquid is : 


and for a stratified, or completely unmixed liquid : 


SB, 


@l 


For experiments with thin films of liquid supported 
on polished aluminium or other highly reflective 
surfaces, I have found it to modify the 
Morowitz equations to allow for the contribution of 
light whien is reflected back into the liquid. When the 
reflectance of the supporting surface is PR, equation | 
hecomes 


necessary 


\ ‘ SB, ~ (3) 
and equation 2 becomes 
! 
Re 2a! 
\ u 
\ du (4) 


wh 


For films of liquid thin enough or transparent 
enough, the degree of mixing is theoretically unim- 
portant, since equations 3 and 4 (as well as | and 2) 
converge for very low values of «/.. To determine the 
limiting values of film transmittance (e-¢/) above 
which mixing may be ignored as a variable, I com- 
puted the deviation between equations 3 and 4 for 
0<-e@ele1| and 0<R<1, using the JBM 650 computer 
with the assistance of Mr. John H. Witmer. For 
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Table 1. VALUES OF FILM TRANSMITTANCE (e ay ABOVE WHICH 


MIXING OF THE LIQUID DURING IRRADIATION DOES NOT APPRECIABLY 
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INFLUENCE THE PREDICTED SURVIVAL RATIO 
R 
“ 
el 
or 
ou 


survival ratios down to 10 *, the calculated deviation 
was found to be less than 12-6 per cent (one-tenth of 


a logarithmic unit of infectivity) when film trans 
mittance was above the limiting values shown in 


Table 1. 
with the 
activity. 

For film transmittances greater than the linuitunw 
values, therefore, mixing of the liquid during irrad 
iation seems to be and 
adequately describes the predicted course of imactiy 
ation whether the liquid is mixed or not. 


This deviation is negligible in comparison 


usual errors in measuring microbiolovical 


UMMECESSATY , equation 3 
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BIOLOGY 


Water-Conduction in the Stems of 
Certain Conifers 


IN a laboratory study of the rate of flow of water 
through sapwood samples of Pseudotsuga taxrifolia 
(Poir.) Britt.. Pinus nigra Arnold, and P. radiata 1) 
Don., the effective water-conducting areas 
determined by using aqueous solutions of various 
dves. It was observed that water-flow in the direction 
of the grain was restricted to the early wood, and 
that the late wood only became coloured, if at all. by 
later diffusion of dye, especially along wood rays. 
When acid fuchsin was used the wood became almost 
uniformly coloured due to the ready diffusion of this 
dye across the late wood, but when safranin was used 
the late wood remained unstained. 

The late wood of all three species appeared to be 
drier than the early wood, and showed up as lighter 
coloured streaks on the radial longitudinal surfaces of 
fresh sapwood. To examine this condition in detail, 
radial strips of wood, 1 em. square, cut from freshly 
felled trees, were dissected into early wood and lat: 
wood samples and weighed immediately after dissec 
tion. Though complete separation was difficult, the 
early wood proved to be 95 per cent saturated with 
water, whereas the late wood, apart from the outer 
most growth layer, was only 65-70 per cent saturated 

Safranin dye injected into living trees was also 
shown to move along the early wood, the late wood 
only becoming stained some distance behind the 
limits of dye movement. As in the laboratory 
experiments, acid fuchsin passed into the late wood 
so rapidly that the effect was less apparent. 

These phenomena have been observed from June 
(mid-winter) until February, and, although resin 
flow in the two pines interfered with dye-injection 
experiments during the spring, laboratory studies of 
water-flow and percentage saturation gave similar 
results at all times. 
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In the coniferous species examined, it therefore 
appears that the late wood is not an effective water- 
conducting tissue owing to its low degree of saturation 
with water. It is possible that the structure of the 
bordered pits in late wood prevents effective aspira- 
tion when an air bubble forms in a tracheid, so that 
the conducting columns soon break down. Whatever 
the cause, the implications are of interest) when 
considering water conduction in the living 
and also for wood preservation by diffusion pro- 


stems, 


COSSOS, 

In a previous communication’, it was suggested 
that the percentage of pits aspirated in the early 
wood of the inner sapwood was related to the degree 
of saturation of the wood with water. But. as the 
percentage was determined for the late 
wood and earl, together, it is obvious from 
the present work that this was a chance relationship, 
and some other cause must be sought to explain the 
progressive aspiration of bordered pits from the outer 


saturation 


wood 


to the inner sapwood 

Finally, in considering water-flow in these trees, it 
that we must recognize the possibility that 
continuity between the transpiring leaves and the 
those yrowth-lavers 


See rns 


roots is only possible along 
penetrated by the traces of living needles. Growth 
lavers interior to these are isolated by non-conducting 
bands of late wood, and although these are crossed by 
ray tracheids, observations of the flow of dve through 
radial sections of the stem have shown that the dye 
moves on a broad front, and more 


freely along rows of ray tracheids than it does along 


does not pass 
the ray parenchyma. 
the late wood therefore implies that, in the inner 
sapwood, the movement of water by cohesion takes 
place along a series of separate concentric paths 
bridged only by the osmotic forces in the living cells 
of wood rays. 

It is imtended to publish 


detail elsewhere 


these results im greater 
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Phenomic Delay in Transduction of 
Salmonella typhimurium Cell 
TRANSDUCTION has been demonstrated the 
genus Salmonella by Zinder Lederberg! The 
individual markers were induced imdependently of 
each other accordimg to the selective medium used 
with 


and 


Even m cultivation conditions two. sugars, 
invariably only one of them was fermented by the 
imeividual transduced colonies. 
In my experiments L studied 
transdnuetion of galactose fermentation 
I wanted to determine whether the given substrate 
acts only as a selection factor im transduction, or 
participates also in the mechanism of transduction. 
Nalmonella typhimurium, LT, 
(Fen Ty-, Tr Gal Xvl--) and SW,;, 
(Fen—,. Ty—. Tr Cal Xvl—), deseribed by 
Zinder and Lederberg! and kindly sent to me by 
them A constitutive galactozymase enzymatic 
was found Also. the transduction occurs 


the mechanism of 
Basically. 


used strains of 


SVstemi 
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even without the presence of a specific substrate. 
It was found. however, that the transduced cells 
multiply either very slowly under these experimental 
conditions without the galactose or do not multiply 
at all. 

L tried, therefore, 
out whether the presence of this fairly high namber 
of recipient cells (about 10°) has no inhibitory effect 
on the growth of newly started transduced cells. 
Table | shows the results of a typical dilution experi- 
ment®. The suspension of the known number of cells, 
obtained by washing a 48-hr. SW,,, strain cultured 
on complete agar*, was mixed with the filtrate of the 
transducing phage in ratio 1: 1 and exposed for 30 
min. at 37°C. The cell suspension with the adsorbed 
phage particles was then successively diluted with 


in further experiments to find 


the complete medium and always two eosin methylene 
blue agars from each dilution were inoculated either 
without or with a | per cent solution of galactose. 
The number of colonies fermenting galactose on the 
eosin methylene blue agars with the galactose indicates 
the number of moculated with the adsorbed 
phage. After 24- or 48-hr. growth the film of bacteria 
from the eosin methylene blue agars without the 
the suspension 


cells 


galactose was washed off in saline, 
was diluted to 2 ml. and the total number of cells as 
well as the number of transduced galactose-ferment ing 
cells were determined. The number of cell-divisions 
in the eulture from the amount of 
recipient cells inoculated on the eosin methylene blue 


Was estimated 
agar without galactose and the number of cells grown 
after 24 or 48 hr. (ref. 4). 1 determined then, in the 
same the mumber transduced 
cells from the amount 
on eosin methylene blue agars iroculated with a 
diluted mixture of cells and phage particles, and from 
of galactose-fermenting after 


way, of divisions of 


of galactose-fermenting cells 


the amount colonies 
24 or 48 hr 

Table 1 indicates that the increased 
divisions of all cells is also connected with a higher 
number of divisions of the transduced cells. It ean, 
that substrate, 
seleetion factor, is 
the 
the selection factor and 


growth 
number of 


therefore, be conchided no specific 


which acts only as a needed for 
the transduction Under 


without 


given experimental 
conditions, that ts, 
in the 


cells. the growth of the 


presence ot a great number of imoculated 


transduced cells is inhibited. 


No, of recipient cells 


of divisions of recipient e trans 


duced ( 


The number 
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Table 1. INFLUENCE OF INITIAL NUMBER OF CELLS PLATED ON THE GROWTH OF THE RECIPIENT AND TRANSDUCED CRLLS 


} Exp. No. of cells No. of | 
| No. inoculated after growth® divisions | capable of transduction 
2:5 =x 1-04 2-9 
50 10° 5-2 34 
10° | 9-8 x 10% 
50 10° 68 x 10" 71 
2-5 =« 10° 1-2 10 90 
5-0 10° 7-2 10.5 2 
1:3 46 212 
1-4 | 5-7 106 
2 54 10° 1-4 10"* 80 | 21 
2-7 10* 12 | 10 
1-3 10° 9-6 10" 9°5 | 5 
a4 10" 8-8 lor 10°6 


No. of inoculated cells 


No. of Gal+ cells 
to colony 


No. of Gal + cells 
after growth® 


No, of divisions 
of Gal+ cells | 


600 1-2 2-3 
1-9 3°7 
| 1,200 3-4 10-3 
1,700 6-0 65°4 
2,080 72 145-0 
700 8-5 350-0 
920 2°1 4-3 
1,880 4-2 
900 42°85 
S60 64 a6-0 
220 44-0 
1,600 9-6 800-0 


Table 1 shows further that the number of divisions 
of transduced cells has on an average two divisions 
less than the number of divisions of all recipient 
cells (Fig. 1). 

I studied, therefore, this phase of the delayed 
phenotypic expression® to find out whether the prob- 
lom in question is & matter of change of the genotype 
(changes in the deoxyribonucleic acid (DNA)), or of 
the phenotype expression of the changed genotype 
(synthesis of certain building blocks of new enzymes). 
Chloramphenicol was used as the inhibitor of the 
proteosynthesis. This does not inhibit the synthesis 
of the genetically functioning DNA. The cell suspen- 
sion with the adsorbed phage was diluted at a ratio 
of 1:50 by a complete medium and cultivated for 
6 hr. at 37°C. Chloramphenicol (final concentration 
20 ugm./ml.) was added at 0, 2, 4 and 6 hr. cultiva- 
tion and afterwards the cells were centrifuged and 
washed twice with saline. Thereafter the number of 
generations of recipient and transduced cells was 
determined as in previous experiments. The results 
are given in Table 2. 


Table 2. INFLUENCE OF CHLORAMPHENICOL ON THE PHASE OF THE 


DELAYED PHENOTYPIC EXPRESSION 
Chorain- No. of 
Cultiv phenicol | divisions No. of No. of Differ- 
ation at added before divisions of | divisions of | ence in 
$7° C. after adding recipient transduced | division 
(hr.) hr. of chloram- cells (a) cells (b) (a—b) 
growth  phenicol 
0 11°5; 8-1: 73 3:7 
6 0 0 12°56; 12-3 11-4; 105 1-4 
6 2 1-32 11-4; 11-9 10-4 
6 4 55 76; 6-8 78 6-7 0 
6 6 5-8 73: 70 68: 68 0-3 


* Control sample without chloramphenicol and without cell division. 


It was found that a complete compensation of the 
nurnaber of recipient and transduced occurs 
after the fourth hour of cultivation in the complete 
medium without chloramphenicol, where the five 
generations occur. The presence of chloramphenicol 
shortens the phase of delayed phenotypic expression, 
that is, certain processes are accomplished which are 
not inhibited by chloramphenicol and are part of the 
changes of genotype of the recipient cell. At the 
same time, even with the presence of chloramphenicol, 
there is a certain delay in the number of generations, 
the growth and proteosynthetic phase, 
chloramphenicol, and part of the 


cells 


which is 


inhibited by 
expression of phenotype 

The problem of the phase of the delayed pheno- 
typic expression will be subjected to further bio- 
chemical examination. 


* 24-hr. and 48-hr. growth for experiments | and 2 respectively. 


I wish to express my appreciation to Academician 
I. Malek for his valuable suggestions and encourage- 


ment. 
J. HuspAcex 
Institute of Biology, 
Czechoslovak Academy of Sciences, 
Prague. 
* Zinder, N. D., and Lederberg, J., J. Bact, 64, 679 (1952). 
* Zelle, M. R., Ogg, J. E., and Hollaender, A., J. Bact., 75, 190 (1958). 
* Lederberg, J., Methods in Medical Research, 3, 5 (1950). 
* Demerec, M., and Cahn, E., J. Bact., 65, 27 (1953). 
* Davis, B. D., Experientia, 6, 41 (1950), 


Acquisition of Graft versus Host Tolerance 


RECENTLY, Simonsen!’ and Siskind, Leonard and 
Thomas* have reported attempts to produce ‘runt 
disease’ in neo-natal mice by the passage of the 
cellular chimera established in lymphoid organs of 
infant mice following the injection of spleen cells 
obtained from adult mice. As Simonsen and Jensen® 
had previously noted that splenic enlargement was a 
regular and early symptom in affected animals, this 
phenomenon was used by Simonsen to assess the 
graft-versus-host response. He concluded that the 
chimeric cells fail to produce runt disease on passage. 
This finding appears to conflict with the results 
described by Siskind and his colleagues, who observed 
that infant recipients of the appropriate strain not 
only showed similar symptoms on passage of the 
chimeric cells, but also that the runt syndrome 
observed in the passage animals was symptomatically 
more severe. The analysis of the runt syndrome 
carried out in this Laboratory supports and extends 
the findings described by Simonsen. 

My work has generally been confined to the 
production of the runt syndrome in mice following 
the intravenous injection of C5781 adult spleen cells 
into C3H neo-nates (within 24 hr. of birth), and the 
reciprocal situation which is obtained when C3H 
adult spleen cells are injected into C5761 neo-nates 
When 10 x 10° or more adult C57B1 spleen cells are 
injected intravenously into C3H neo-nates, all recip- 
ients become acutely affected and die within three 
weeks of injection. The injection of 10 x 10* C3H 
adult spleen cells into C5761 infants produces the 
less-severe symptoms of chronic runt disease, with 
about 50 per cent of the injected animals surviving 
two or more months. Passage was made by removal 
of spleens from the affected mice 6-21 days after 
inoculation. Usually 10 10° dissociated cells were 
passaged intravenously in these 
passage experiments runting occurred in only a small 
proportion of mice or was completely absent. Tests 
for chimeric cells were made at the time of passage 


neo-nates. In 


te 
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Table 1. INCIDENCE OF RUNTING AND CHIMERISM ON Passack OF animals by graft-versus-host reaction, as this latter 
SPLEEN CELLS OBTAINED FROM ACUTE AND CHRONIC RUNTS : aa 
lesion is characteristically associated with a lympho- 
Chimerism cytie infiltration. It is probable that latent colony 
perenne ag infections ultimately bring about the death of the 
detectec in. 
nucleated debilitated chronic runts, and consequently passage 
System Percentage spleen cells) of organs of such animals is liable to contamination 


runting 
Incest a of the cell chimeras with latent infection. 


(1) Spleen cells obtained A fuller account of this work will be given else- 
from normal donors. 

(a) C57 adult spleen Primary 100 (11/11) X 20x 10° where. 
cells injected into induction y These investigations have been supported in part 
C3H neo-nates Ist passage 25 (2/8) A 20 10° 

— o(o/8) ¥ = 20x108 by a C. J. Martin fellowship during tenure in the 

(b) C3H adult spleen Primary 100 (39/39) Not tested Department of Zoology, University College, London, 
C57B1 neo-nates Ist passage 0 (0/40) 20x10 and by a grant made available by the National 

(2) Spleen cells obtained Health and Medical Research Council, Canberra, 
from immunized _ 
donors A.C.T. 

(a) Pre-sensitization by Primary 100 (22/22) ¢. 10 percent 
skin graft of recipient induction n.c.* chimeric J. K. DINEEN 
strain. C3H adult Ist passage 60 (8/13)  ¢. 5 per cent 

cells injected n.c.* chimeri 
«atures Walter and Eliza Hall Institute 
b) P P n.c.* chimeric of Medical Research, 
(b) re-immunization rimary 100 (30/30) 10 « 10° 
by injection of donors — induction Melbourne. 
with recipient strain Ist passage ds) j 10 10° 
spleen cells. C3H adult ! Simonsen, M., Ann. N.Y. Acad, Sci., 87, 382 (1960). 
spleen cells injected ? Siskind, G., Leonard, L., and Thomas, L., Ann, N.Y. Acad. Sei., 87, 
into C57K1 neo-nates 452 (1960). 
— * Simonsen, M., and Jensen, E., in Biological Problems of Grafting, 
* Percentage of nucleated spleen cells estimated by titration of the edit. by Albert, F., and Medawar, P. bh. (.lackwell Scientific 
chimera to be of donor strain origin Publications, Ltd., Oxford, 1950) 
‘ Billingham, R. E., and Brent, L., Phil. Trans. Roy. Soc., B, 242, 439 
(1959). 


ce 
into C57B 


using Billingham and Brent’s* technique, in which 
the presence of donor-type cells is shown by the 
donor 10. week Adipokinetic Activity of Synthetic Peptides 
MCE days wit 16 spleen Related to Corticotropin 

cells in question. In some experiments graded doses 
were used in an attempt to assess the proportion of 
skin cells. 

Tests for chimeric cells were also made on spleens 
obtained from the unaffected first or second passage 
recipients (Table 1). These experiments demonstrate 
the persistence in the passage animals of chimeric The tridecapeptides caused the release of free fatty 
cells which fail to elaborate a response against the acids by adipose tissue ; the decapeptides were also 
host. It is reasonable to conclude, therefore, that active but less potent, but the octapeptide had no 
the chimeric cells have become tolerant of host effect in the amounts tested. 
antigens during passage. This conclusion is confirmed The synthetic peptides were : 
and extended by work on the passage of 
spleen cells obtained from donor mice N-terminal 123s 4 &6 627 8 9 10 
which were immunized with recipient 2 ser tyr ser met gluta his phe arg 

. - I N-acetyl ser tyr ser met gluta his phe arg try gly 
strain spleen cells, and donors which had — 1j| ; ser tyr ser met glu his phe arg try gly 
been pre-sensitized with an orthotopic 1V N-acetyl ser tyr ser met gluta his phe arg try gly lys pro valamide 
skin graft of the recipient strain. Again N-formyl 
the incidence of runt disease was either j ser tyr ser met glu his phe arg try gly lys pro valamide 
greatly reduced on the first passage 
and absent on second passage, or the infant recipients For comparison, the structure of the amino- 
completely failed to show any signs on first passage terminal portion of corticotropin and the total 
of the chimeric cells. The presence of the chimeric structure of a-melanocyte-stimulating hormone are 
donor cells was again detected in the spleens of the — presented : 
normal passage animals (Table 1). 

On several occasions evidence of casual : 2 2 3 5 6 7 8 9 10 I! 12 13 
—" ACTH ser tyr ser met glu his phe arg try gly lvys pro val. . . 39 
infection, presumably by @ virus, Was a-MSH N-acetyl ser tyr ser met glu his phe arg try gly lys pro valamide 
obtained on passage of spleen and liver ACTH, Adrenocorticotrophic hormone ; MSH, melanocyte-stimulating hormone 
obtained from chronic runts six weeks 
following injection of homologous spleen cells. This When added to rat epididymal adipose tissue 
was not seen when neo-nates were injected with ineubated in 1-0 ml. Krebs-Ringer phosphate 5 
isologous spleen cells obtained from normal adult per cent defatted albumin, 10 ugm. of IV or V 
stimulated the production of free fatty acids (Table 1). 


SYNTHETIC peptides prepared by Hofmann and 
associates! containing 8, 10 or 13 amino-acids identical 
in sequence with the N-terminal portion of cortico- 
tropin were tested for adipokinetic activity because 
corticotropin was known to have this activity®-‘. 


mice. The presumed virus produces & progressive 
and fatal disease in infant mice which closely resembles A smaller but significant response was seen with 
acute runt disease. It produces no symptoms in lugm. II was active at a dose of 100 ugm., III was 
adult mice. Histologically, gross destruction of liver probably active at that dose, and I was inactive. 
cells is seen in the affected mice. The cellular infiltra- The minimal effective dose of corticotropin is about 
tion observed in the virus-infected livers is polymor- 0-001 ugm.'. 

phonuclear in nature. The liver lesion produced by In contrast to the weak effect of the peptides 
the virus may therefore be readily distinguished from relative to corticotropin on rat tissue, the potency of 
the liver lesion produced in immunologically affected IV and of V was similar to that of corticotropin 
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if peptides on production of free fatty acids by pieces 


Table 1. Effect 
approximately LOO mgm.) in 1-0 ml 


f rat epididymal adipose tissue ( 


Krebs-Ringer phosphate-5 per cent albumin, pH 7-4, incubated in 
Dubnoff shaker for 3 hr, at 37°. The control and experimental samples 
{ adipose tissue were obtained from the same rats. Medium and 


tixaue were extracted together at end of incubation and titrated 


Free fatty 
after 
Test No. of incubation SE 
substance samples mil.) value 
wm./hr.) 
Control 17 3 0-49 
Control 17 0-50 
17 lon o-oo > OO 
Control 17 
il 44 0-57 
Control 17 0-33 
lj “ol 0-79 o-oo] 
Control 17 0-3 

* Difference ix significant if P value caleulated from differences of 
matched pairs Valnes presented in Table 1 were obtained from 
tormula 

lifference of means 
SD. of combined groups \ \ 
Table 2. Free fatty acids after ineubation of pieces of rabbit perirenal 


Conditions were same as in Table Ll. Number of 


samples in parentheses 


vdipose 


hr.) after 


tal 


bree fatty acid 
incubation with indicated close 


equiv. wm 

Test 
stibestanee 


il O78 (4) 9304) 
iil (4) 
I\ 2 1-405) 
\ 4°44) 4 (6) 


when tested either on isolated rabbit adipose tissue 
or in the intact rabbit The output of fatty acids 
m vitro was increased by 0-01 ugm. of IV, and by 
0-03 ugm.ofV. Ll was inactive at 0-l ugm., but both 
If and III were strongly active at 10 ugm., while I 
was inert at 30 ugm. (Table 2). When injected sub 
cutaneously in 2-3 kg. rabbits, 10 
IV or 30 ugm. of V was sufficient to inerease several 
fold the plasma 
later. 300 ugm. of 
ineffective (Table 3) 

The adipokinetic property of corticotropin is thus 
first encountered when the amino-terminal octapep 
tide is elongated to the decapeptide, and the potency 


male ugm. of 
free fatty acids measured I} hi 
ll, the largest dose tested, was 


mecreases with the addition of the next three amino 


acids. The increased potency of the tridecapept ice 
was seen both in the rabbit, in which the tridecapep 
tide was as active as corticotropin, and in the rat in 
which it was only 1 N-acet ylation 
of the terminal serine did not lower the adipokinetice 
activity of the have 
slight ly By comparison, acetylation of 
corticotropin has been reported to decrease cortico 
activity to less than LO per cent, while enhane 


1.000 as active. 


peptides and may increased it 


terminal 


t ro} rie 


Table 3 Free fatty acids of plasma 1) hr 


Test 
substance No injection Negative tests ; 
None (7 OSD.) 548 (52) 170 
il 
(2) 


\ 
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ifter subcutaneous injections of test substance 
of tests in parentheses 


Plasma tree 
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ing melanophore-expanding activity’. This first 
demonstration of fat mobilization caused by synthetic 
peptides may serve as a guide to the structure of 
compounds controlling this aspect of fat metab 
olism and may facilitate an 
related structural requirements for 
corticotropic and melanophore-expanding activity. 
This work was supported by grants A-1567 and 


analysis of the inter 


adipokinet ic. 


A-612 from the National Institutes of Health. 
Bethesda, Maryland. 
M. S. RABEN 
LANbDOL! 


F. A. Smiru 
K. Hormann 
H. Yasima 
Pratt Clinie-New England Center Hospital 
and Department of Medicine, 
Tufts Univ ersity School of Medicime. 
Boston, Massachusetts, 
and 
Department of Biochemistry, 
University of Pittsburgh School of Medicine. 
Schwartz, E. T J. Amer. Ch 


* Hofmann, K.. Yajima, H., and 


Soe. (in the press) 
Rosenberg, I. N., Proc. Soe. Exp. Biol. Med., 82. 701 (1953) 
White, J. E.. and Engel, F. L.. J. Clin. Tarest.. 37. 1556 (1958) 


Hollenberg. C. H., Raben, M. and Astwood, E. B., Badoeri nology 


(in the press) 
Waller, 1.-P., and Dixon, Biochem 


Opal in the Animal Body 


work on opal-phytoliths' has led to 


RECENT 
search for these bodies of amorphous 
This is a typically 


silica in the body of a sheep 
herbivorous animal that ingests significant quantities 
of silica as integral parts of its plant food 

The food and the rumen contents of a sheep on a 


diet of oaten hav have been examined both before 
and after destruction of organic matter’. By the 
destruction of organic matter with nitric and per- 


chlorie acids, insoluble residues were obtained which 
consist largely of opal-phytoliths \ecompanyving the 
opal-phytoliths is a small proportion of other particles 
mineral diatom frustules, 
and fragments and = micro 
These particles are 


including several 
silicisponge 
spheres of artificial substances. 
mechanically incorporated with the food and ingested 
they are more common in the ventral 
is pro- 


Species, 


spicules, 


by the sheep ; 
than in the dorsal regions of the rumen. It 
posed to name them allothigenes, and it is intended 
that this term should include all particles which are 
generated outside the animal body and which ar 
taken into the body either by ingestion or inhalation 

The amounts of allothigenic material ingested by 
sheep may be substantial. It is estimated that a 
total of 10 gm. was present in the rumen of the sheep 
fed on oaten hay opal-phytoliths made up 95 pet 
cent of this amount. In some plants, for example 
Lolium rigidum, the content of opal-phytoliths can 
be twice as high as in oats, and the rumen of a sheep 


in fed male rabbits weighing 2-3 kgm Number 


fatty acids (gequiv./L) after indicated dose 
405 (3) 
1.830 (4) 2.054 (4) (1) 280 (1) $480 (1) 
586 (2) 1,041 (2) 1.497 (2) 2.635 (2) 3,420 (1) 
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EXTRACTI ON 


AND 
DI STI LLATION 


Perfect heat transfer 


Accurate temperature control 


Maximum safety 


Minimum attention required 


Extraction Units are available with three or six 

recesses, accepting flasks up to 1000 ml., and a controller 
and indicator lamp for each recess. 

Non-standard units can be supplied to meet any requirement 


Macro-Kjeldahl Units are supplied for six tests 
accepting flasks up to 800 ml., with a controller and 
indicator lamps fitted to each recess. 

Units with two recesses are also available. All units 
are equipped with adjustable flask rests 


and are suitable for rack mounting 
Now available in anodized aluminium or stainless steel 


Micro-Kjeldahl Digestion Units 

constructed of acid-resisting material are 

the most compact apparatus available. Fume tubes are fully 
adjustable for height and angle. 

Available from all Laboratory Supply Houses. 

Please request literature. 
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ENGINEERING LTD 
Neville Road London £7 Telephone GRAngewood 9911 
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He's weighing 
to an accuracy of 1 MICROGRAM! 


He's doing it on the filing cabinet just to show you-—he 
could do it on anything else just as easily. He's not 
worried about levelling, draughts, temperature or vibra- 
tion 

And he's not worried about his results ; 
with the CAHN ELECTROBAL ANCE has an accuracy of 
0.05% and a reproducibility of 0.02°% on each of the 
instrument’s six scale ranges O-Img to 0-100mg -and 
with no ‘ifs’ or ‘buts. 

This weighing will take him less than one minute. Then 
he ll hand the balance back to the colleague he borrowed 
it from—with one hand: it weighs only 12 pounds. And 
he knows it will give just the same first-class perform- 
ince next time he borrows it- because he can calibrate 
it in a matter of a few seconds every time he sets up to 
weigh 

He's a happy 


versatile, 


man. And so is his Director. Because this 
portable CAHN ELECTROBALANCE replaced 
micro-balances and does the 
MORE EASILY and FASTER 


“er conventional same 


MORE ACCURATELY 


THE CAHN ELECTROBALANCE 


is a revolution in micro-weighing 
Write to-day for further details 


SHANDON SCIENTIFIC COMPANY LIMITED 
6 CROMWELL PLACE, LONDON SW7 KNIGHTSBRIDGE 113! 
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GENERAL-PURPOSE 
THERMOSTATIC 


OVEN 
GOOD 


HEATING UNIFORMITY 
AND CONSTANCY OF 
TEMPERATURE 


Does work of Ovens twice its cost ! 


An efficient, reliable, precision-built Oven for general 

purpose work. Internal dimensions: 12 by 12 by 14; overall 
size 1S’ by IS’ by 19°. Standard operating temperatures 50°C 
250 C. Fitted with 3 weldmesh trays and insulated with glass woo! 
Base ond walls are heated by a large element of 3) sq. ft. area, thus 
giving UNIFORMITY OF TEMPERATURE. The robust CAL!- 
BRATED THERMOSTAT is fitted with a small series heater to 
ensure great CONSTANCY. The rate of heating is 200°C. per hour 
The low price of £26 (£32 with fitted Forced Convection Fan) includes 
carriage to all parts. 


Order with confidence (many hundreds sold to Laboratories) or write for fu 
particulars 


R. E. PICKSTONE LTD. 


36 Avon Trading Estate, Mornington Avenue, London, W./4. 
FULham 4558. 


Research HAND ILLUMINATING MAGNIFIER 


IIluminates as it magnifies—a high power illuminating magni- 
fier for clear and easy vision. Suitable for all occasions when 
a combination of comparatively high magnification and good 
illumination is desirable. Although this magnifier was 
originally designed as a tool room magnifier for the scrutiny 
of metals for flaws or fractures, it is equally suitable for many 
other purposes. The RESEARCH provides a magnification 
of approximately | 8, suitable for Doctors, Scientists, Works 
Inspectors, Jewellers, Philatelists, Bankers, etc. It has been 
adopted by several leading British and Commonwealth 
manufacturers as a standard item of equipment for their 
Inspection departments. 
Price (with case) £4 3s. 6d. 


Newbold & Bulford Ltd. 


Manufacturers and Exporters of Scientific Instruments 


ENBEECO HOUSE, ROGER ST., GRAY’S INN RD., W.C.1 
TELEPHONE: CHA 5614 (3 lines) 
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No. 4765 
expected to contain 
From examinations 
is evident that the allothigenes 
them are excreted after 


feedmg on such plants can be 
20 om. of allothigenic material 
of tecal material it 
inert and that 
passing along the alimentary tract 
The knowledge that substantial 
allothive nes are presented to the epithelial surfaces 
of the alimentary tract lel to a search for them in 
the lymphatic system. The following lymph nodes 
taken from slaughtered sheep: prescapular, 
popliteal, precrural and 
Insoluble residues obtained by digestion 
revealed opal 


are most of 


quantities ot 


Were 
mediastinal, 
bronchial. 

with 


mesenteric, 
nitric and acids 
phytoliths and several mineral species im every node 
The 
sections of prescapular and mesenteric nodes 

The allothigenes into the 
lvinphatic system is not known. It is interesting, 
t Theat the pathway of 
absorption of particles of fat the 
micosal extra-cellular 
Such a pathway may well hold for the allothigenes 
Other factors contributing to them entry would 
undoubtedly be their shape and hardness 
with the various movements of the intes 
such as vascular pulsations, peristalsis, seg 
the action of 


perchlorie 
presence of these allothigenes was confirmed in 
mechanism of entry of 


however, to note much ot 


from intestinal 


surface to the lane teals Is 


ombined 
Tithe. 
mentation, and the mucosal 
villi 

Entry of opal-phytoliths and other minerals into 
the tissues of the animal subsequent to imgestion has 

On the other hand, it is 
vest appreciable quantities 
which is and 
tinally excreted in the urine. It is less well known 
absorbed silica may be precipitated 
various parts of the body to form opal-zooliths. 
Silieceous uroliths provide an example of this process. 
This led us to examine specimens obtained from a 
rain which had died of urolithiasis*. X-ray and 
microscopic techniques showed that the uroliths of 
this ram were opaline silica, like those found in 
steers’ The most striking fact about the uroliths 
of the ram was the presence within them of opal- 
phytoliths. It that they act as 
nuclei and initiate the precipitation of silica. These 
allothizenes must have entered the blood stream and 
The conclusion 


not bee n recognized betore 
well known that 
silica, 


sheep 


oft soluble most of absorbed 


the 


sometimes 


SOOT Is 


finally penetrated the glomerulus. 
that allothigenes can enter the blood-stream is sup 
ported by the fact that birefringent allothigenes 
have been found in the blood and organs other than 
the lings of humans, having found their way into 
the general cirewation from the lungs’’. 

In view of their inertness, size, shape and hardness 
it is possible that the allothigenes damage tissues and 
function mm than has yet been 
recognized, Opal-phytoliths are a major cause of 
teeth', and they atfeet the depth of the 
stratum: corneum of the rumen 

The insoluble residues of lymph nodes which were 
showed evidence of 
Several types 


more Wavs 


Wear im 


examined for allothigenes also 
precipitation of silica on a micro seale. 
of corpuscles including phagocytes, lymphocytes, and 
red blood corpuscles were observed to have been 
mineralized by amorphous silica and by silica plus 
magnesium plus phosphorus, thus giving rise to 
micro-zooliths. That this process might sometimes 
oceur on quite a considerable scale is evident from 
the observation that million mineralized cor 
puscles were estimated present in one 
scapular lymph node. There may be a close paralle! 
this mineralization the ‘nummifving 


ore 
to be 
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effect which silica has been found to have on phago 
eyvtes which ingest it'?. In contradistinetion to the 
introduced allothigenes it is proposed to use the tern 
authivenes for zooliths, either macro- or micro-, which 
are produced by secretion within the body. 
We are grateful to Dr. A. B. Edwards, 
(y. S. Christie and Sir Wadham foi 


interest in this work 
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CYTOLOGY 


The Pachytene Stage in Mammalian 
Oocytes 


SEVERAL Chromosomal abnormalities have recently 
been described in human cytogenetics, some of them 
probably directly and causally related to certain 
phenotypical effects. All this work was carried out 
using chromosomes of the mitotic metaphase, mostly 
from cultures of various cells. The exact identifica 
tion of any single chromosome is not possible. All 
42 autosomes and a sex chromosomes are 
divided into four or five morphological classes using 
the length of arms and the position of the centromere 
as a landmark of identification. The difficulties may 
be illustrated by the fact that the sex of an individual 
is determined as male if there is an uneven mumber ot 
There is a great need for a more 


pair of 


small chromosomes 
precise method of identification by which individual! 
chromosomes can bn recognized 
The study of chromosome 


prophase may perhaps open up some possibility in 


morphology in meiloti 


this direction. Mapping of human chromosomes in 
the pachytene stage of the spermatocyte is probably 
only a matter of time, and it is probable that in th: 
near future there will be available a satisfactor, 
pachytene map of human chromosomes from tly 
spermatocytes 

It has been known for some that 
prophase in female mammals starts in the embryoni 
ovary and stops after the stage of pachytene has 
been reached. This is followed by a diffuse stage 
ealled dictyotene in which the oocytes remain until 


time meiot iv 


the time of ovulation 
More detailed investigation on mouse 
that 


material ha- 


shown merlot ic prophase in the ooeyvtes start-~ 
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to an accuracy of 1 MICROGRAM! 


He's doing it on the filing cabinet just to show you-—he 
could do it on anything else just as easily. He's not 
worried about levelling, draughts, temperature or vibra- 
ton 

And he’s not worried about his results; he knows that 
with the CAHN ELECTROBALANCE he has an accuracy of 
0.05% and a reproducibility of 0.02% on each of the 
instrument's six scale ranges O0O-Img to 0-100mg—and 
with no ‘ifs’ or “buts.” 

This weighing will take him less than one minute. Then 
he'll hand the balance back to the colleague he borrowed 
it from—with one hand: it weighs only 12 pounds. And 
he knows it will give just the same first-class perform 
ince Next time he borrows it- because he can calibrate 
it in a matter of a few seconds every time he sets up to 
weigh 
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other purposes. The RESEARCH provides a magnification 
of approximately - 8, suitable for Doctors, Scientists, Works 
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feeding on such plants can be expected to contain 
of allothigenic material. From examinations 
of fweal material it that the allothigenes 
imert and that them are excreted after 
passing along the alimentary tract 

knowledge that substantial quantities ot 
allothigenes are presented to the epithelial surfaces 
of the alimentary tract led to a search for them in 
the lymphatic system’ Che following lymph nodes 
taken from slaughtered sheep: prescapular, 
mediastinal, mesenteric. popliteal, precrural and 
bronchial. Insoluble residues obtained by digestion 
with nitre and revealed opal 
phytohiths and several mine ral species in every node 
The these allothigenes was confirmed in 
sections of prescap dar and mesenteric nodes 

The 
lvinphatic system 


20) om 
is evident 


are most of 


wer 


perchloric acids 


presence ot 


mechanism of entry of allothigenes into the 
known It is interesting, 
much of the pathway of 
the intestinal 
micosal extra-cellular 
a pathway may well hold for the allothigenes 
factors ther entry would 
undoubtedly be their shape and 


combined with the various movements of the intes 


rot 
that 


absorption of particles of fat 


however, to note 
from 
surface to the lacteals is 
Such 
Other contributing to 
size, hardness 
tine. such as vascular pulsations, peristalsis, seg 
mentation, and the pumping action of the mucosal 
villi 

Entry of opal-phytoliths and other minerals into 
the tissues of the animal subsequent to mgestion has 
not been recognized betore On the other hand, it is 
well known that sheep ingest appreciable quantities 
of soluble silica, which is absorbed and 
tinally excreted in the urime. It is less well known 
that absorbed silica may be precipitated in 
various parts of the body to form opal-zooliths. 


of 
the 


Silieeous uroliths provide an example of this process. 
This led us to examine specimens obtained from a 
ram which had died of urolithiasis*. N-ray and 
microscopic techniques showed that the uroliths of 
this ram were opaline silica, like those found in 
The most striking fact about the uroliths 
of the ram was the presence within them of opal- 
phytohths. It that thev act as 
nuclei and initiate the precipitation of silica. These 
allothigenes must have entered the blood stream and 
The conclusion 


stoers 


sometimes 


finally penetrated the glomerulus. 
that allothigenes can enter the blood-stream is sup 
by the that birefringent allothigenes 
have been found in the blood and organs other than 
the lings of humans, having found their way into 
the general circulation from the lungs’? 

In view of their inertness, size, shape and hardness 
it is possible that the allothigenes damage tissues and 
function im than has yet 
recognized. Opal phytoliths are a major cause of 
teeth". and thev affeet the depth of the 
stratum the rumen 

The insoluble residues of lymph nodes which were 
examined for allothigenes also showed evidence of 
precipitation of silica on a micro scale. Several types 
of corpuscles including phagocytes, lymphocytes, and 
red blood corpuscles were observed to have been 
mineralized by amorphous silica and by silica plus 
magnesium plus phosphorus, thus giving rise to 
micro-zooliths. That this process might sometimes 
occur on quite a considerable seale is evident from 
the observation that million mineralized cor 
puscles were estimated to be present im one pre 
scapnlar lymph node. “There mits be a close paralle! 
this mineralization the ‘mummifyving 
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effect which silica has been found to have on phago 
eytes which ingest In contradistinction to the 
mtrodueced allothigenes it is proposed to use the tern 
whiel 


authivgenes for zooliths, either macro- or micro 
are produced by secretion within the body. 

We are grateful to Dr. A. B. Edwards, 
G. S. Christie and Sir Wadham for 
interest in this work 
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_ CYTOLOGY 


The Pachytene Stage in Mammalian 
Oocytes 


SEVERAL chromosomal abnormalities have recently 
been dest ribed im human cytogenetics, some of them: 
probably directly and causally related to certain 
phenotypical effects. All this work was carried oui 
using chromosomes of the mitotic metaphase, most], 
from cultures of various cells. The exact identifica 
tion of any single chromosome is All 
and a pair of art 
divided into four or tive morphological classes using 
the length of arms and the position of the centromere 
as a landmark of identification. The difficulties may 
be illustrated by the fact that the sex of an individual 
is determined as male if there is an uneven number ot 
There is a great need for a more 


not possible. 


42 autosomes sex chromosomes 


small chromosomes 
precise method of identification by which individual 
chromosomes can be recognized 

The study ot chromosome morphology im met 
prophase may perhaps open up some possibility am 
this direction. Mapping of human chromosomes in 
the pachytene stage of the spermatocyte is probably 
only a matter of time, and it is probable that in th: 
near future there will be available a satisfactor, 
pachytene map of human chromosomes from thy 
spermatocytes 

It has been known for that 
prophase in female mammals starts in the embryonic 
ovary and stops after the stage of pachytene has 
been reached. This is followed by a diffuse stage 
called dictyotene in which the oocytes remain until 
the time of ovulation 

More detailed investigation on mouse material ha- 
that 


some time meiot i« 


shown meiotic prophase in the ooevtes starts 
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at about the fifteenth day of pregnancy, when the 


leptotene stage appears in the nuelei of the young 
oocytes. This is followed by zygotene and finally 
by pachytene, which is the best stage for eytological 
identification of individual chromosomes. A few days 
after birth all oocytes are in the dictyotene stage and 
all possibility of chromosomes being identifiable has 
vanished. Comparison of data obtained here with 
those (unpublished) of Drs. K. Borum and H. Peters 
(Finsen Laboratory, Copenhagen, personal communi 
cation) indicates that the time of appearance of 
leptotene and of dictyotene depends on genetic 
constitution. 

Embryonic ovaries taken at about the fourteenth 
day of pregnancy or any day later can be cultured in a 
synthetic mixture (4-199) for a few days (up to 48 hr 
in excellent condition—-later the stainability deterior 
The number of oocytes in the pachytene stage 
probably increases in the culture. The accompanying 
photomicrograph shows pachytene in oocytes removed 
from @ 14 days old mouse embryo and kept in the 
medium at 37° C, for 48 hr. 

Although there are great obstacles and difticulties 
in the application of this method to human material. 
it is perhaps worth while to keep its potential possi 
bilities in mind 
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Absorbance of Feulgen-stained Bull Sperm 


[IN earlier conmunications'. it was suggested that 
both the absorbance and the geometrical dimensions 
of Feulgen-stained somatic cell nuclei were dependent 
variables of a common, independent variable, which 
Wis considered to he to the growth process . 

As the genetic complement of a nucleus replicates 
tself between and «as 
repheation implies a strictly orderly arrangement of 
the participating molecules both in time and space, 
the growth process can be described as being a process 


two consecuhive divisions, 


by which molecules are brought from a state of less 
to @ state of higher orderliness. Accordingly the 
ibsorbance of Feulgen stained nuclei inter 
of the ratio between the 
tates of orderliness and 


somatic cell 


can be 
preted as being a measur 

umber of molecules nm the 
In nuclei the 


lisorder! the case of 
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numerical value of this ratio will depend on the 
type of arrangement of the nuclear genetic comple 
ment, the rate of svnthesis and the interphase age. 
while in the case of spermatozoa, which are haploid 
end products’, the absorbance is only dependent 
on the arrangement of the genetic complement 

The modal distribution of measured absorbances 
from a population of spermatozoa is accordingly 
interpreted as being not the result of a Gaussian 
distribution of measuring errors, but as the result of 
different arrangements of the genetic complement 
Phe mode indieates therefore that either the majority 
of the spermatozoa possesses identical arrangements 
of the genetic complement or that the differences in 
arrangement are so slight as to give rise to differences 
in absorbance too small to be detectable with the 
applied measuring technique, while outlying absorb 
ance values indicate differences in arrangement 
sufliciently large to be measurable. 

The feasibility of this interpretation seems to be 
corroborated by the following results: the distribu 
tion of identically and simultaneously treated 
Feulgen-stained sperm heads from three Ayrshire 
dairy bulls are shown in Fig. 1, from which it is evident 
that the three distributions are different The 
absorbances are lowest for bull 4. which is & years 
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old and from which 41 daughters averaged 6,691 Ib 
of milk ; highest for bull C, which is 7 years old and 
from which 13 daughters averaged 10,052 Ib. of milk : 
and intermediate for bull B, which is 5 years old and 
from which 13 daughters averaged 7,596 Ib. of milk. 

\lthough a correlation between the distribution 
of absorbances and rnilk vield in the offspring exists, 
it should be emphasized that it is not claimed that a 
given distribution of absorbances is characteristic 
for a given gene, or genes, or for a phenotypic 
characteristic, but it seems that the distribution of 
absorbances might give a relative measurement which 
possibly can be used as a screening test. Thus 
assuming that the gene(s) for high milk-yield in the 
offspring were present in spermatozoa with the 
venebhic complement arranged mm such a way as to 
vive rise to absorbances of 1-5 or more, and assuming 
the fertilization to be a completely random phenom 
enon and the population of measured sperm he ads to 
be representative of the total sperm population, the 
probability of the fertilizing spermatozoon having an 
absorbance of five or more will be highest for bull C, 
lower for bull B and lowest for bull A. 

\ fuller account of more extensive work is in 
progress and will be published elsewhere 

rhe samples of sperm were kindly supplied by the 
Seottish Milk Marketing Board’s eattle breeding 
centres in Inchinnan and Perth 

This investigation was supported by a grant from 
the British Empire Cancer Campaign. 
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Roval Beatson Memorial Hospital, 
132 138 Hill Street, 
Glasgow, €.3. 
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Giant Nuclei in the Earthworm Lumbricus 


Grant nuclei haye been found by me in the epithelial 
cells of the pharynx in the earthworm Lumbricus sp. 
The pharyngeal epithelium of the earthwortn was 
extensively investigated by Keilin', but no mention 
of giant nuclei was rade in his paper. 

Several hundred earthworms were purchased from 
a Kansas City supplier and were sectioned and 
stained with hematoxylin and eosin or by the 
Feulgen reaction. Giant nuclei were found most 
extensively in the pharynx and decreased in numbers 
toward the c-sophageal region. Cytometric measure 
ments were made using the ygreatest diameter and 
the diameter perpendicular to it. Fifty diameters 
of the more numerous small nuclei averaged 5-9u 
Fifty diameters of randomly selected giant nuclei 
averaged 21u. 

Giant nuclei were not found in Lumbricus sp. 
which were obtained from the following sources : 
supply house in Chicago, Chanahan, 
Lyons, Kas.; Mission, Kas.; Oseola, Mo.; Weld, 
Maine ; and other areas in Wisconsin, New York 
State and Canada. 

Intranuclear morphology, such as chromocentres, 
Was easily seen in these nuclei. In many instances 
the nucleolus was found to be bizarrely shaped. 
These nuclei appear to be polyploid because of the 
increased amount of Feulgen-positive material and 
an increase in the number of chromocentres present. 
Endopolyploidy is most highly expressed in gland 
cells and such an example is the pharyngeal gland 
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nocentres (arrow Feulgen 


Pharynuzeal e} al giant uucl 
(arrows Hematoxylin n (x ¢. 37) 
Pharyngea! epithelium with many giant nuclei. Hem 
atoxvlin and eosin stain, = ( c. 102) 


cells of worker bees?. Painter® believes that there ts 


a relationship between endopolyploidy and proteim 
formation of these gland cells and that the increas 
of heterochromatic regions and nucleolar organizer 
is basie in this relationship. 
RK. L. Hancock* 

Department of Pathology and Oncology . 

University of Kansas Medical Center, 

Kansas City. 

* Present address Departraent of Biochemistry, University 
hieago, Chicago, Hlinois 

Keilin, D., Quart. J. Micro. Sci., 65, 45 (1929) 
? White, M. J. D., in “Cytology and Cell Physiology"’, edit. by Bourne, 

G. H., second ed., 183 (Oxford Univ. Press, 1051) 
Painter, T. S., J. Erp. Zool., 99, 523 (1045) 


GENETICS 


Linkage in Coffea arabica 


THe anormalis factor (Am Am) of Coffea arabica 
affects the size of the plant, its branching habit anc 
its leaves, flowers, fruits and seeds. The internode~ 
of the branches are shorter than in the typica variet, 
taken as standard. The leaves are extremely abnor 
mal, often almost palmate and of various sizes. The 
corolla has a variable number of lobes, the stamens 
are almost normal, but the style and stigma are ver, 
reduced and misshaped. The number of flowers an: 
fruits is normal. The seeds have a slightly corrugated 
surface. A rather high percentage of locules contains 
more than one ovule. The anormalis shows incon 
plete dominance in F 
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Table 1. NOMBER OF COFFEE SEEDLINGS OF THE CLASSES 
OBTAINED FROM CROSSES OF 4” 4" CorrER 
am an 
a 
PLANTS oF THE CoxstiteTIoN 
am An 


Total No. of plants in the classes 
No. of 
Hy brids coffer im An aman! Am an am An) 
am An An am An An 
3277 12-1-18-3-1 
H 1591-1 ‘ ? 
H S287 12-1-18-6 
HW 71 ' ’ 
HW3352 662 
HS37s 
HW 4 ’ 
~ 


The anomala mutant also affects the plant growth, 
its type of branching, the shape and size of the leaves, 


and the morphology of flowers, fruits and seeds 
Che number of flowers and fruits is very low and the 
with than one 


The anomala is 


occurrence of locules more seed is, 
however, very high in some years. 
recessive (an an), the F, being almost normal, with 
the exception that. pair of leaves 
develops with slightly misshaped apex 

The F, hybrids of anormalis and anomala are like 
anormalia heterozygotes : somet nines they have 
<maller and more irregular leaves, indicating a certaim 
nteraction of both factors. Back-crosses with typica 
or bourbon plants with the genotype am am An An 
vave indication (Table 1) of linkage of the two factors 
value of about 


occasionally. a 


involved, with a recombmation 
15 per cent. 


Am An 
the classes from 
an An am An 


value is not precise and can be anywhere between 
10 and 20 per cent. Back-crosses with the double 
recessive type are difficult to obtain. due to the small 
number of flowers that it produces 

It is to be noted that the anormalis and anomala 
venes, producing rather similar phenotypes and having 
“very mtensive pleiotropic effect, are, up to now, the 
only factors to give indication of linkage in Coffea 


d 1 moar 
this recombination 


arabica. 
\. CARVALHO 
Department of Genetics, 
Instituto Agronomico, 
Campinas, S.P., Brazil 


Linkage between Deficiency of Glucose-6- 
phosphate Dehydrogenase and Colour- 
blindness 

HEREDITARY susceptibility to hemolysis by drugs 
and fava beans is believed to be due to a single 
~ex-linked This mode of inheritance would 
best explain the familial and population data, as 
summarized recently by Childs and Zinkham!'. The 
regarding this hypo 


element of uneertamt, 


main 
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thesis arises from the great Val lability of the measured 
blood abnormalities in heterozygous females (@n vitro 
glutathione stability test and glicose-6-phosphate 
dehydrogenase activity) 

However, sex linkage of a trait may be established 


if it fails to show free assortment with a known 
X-linked character, like colour-blindness. Such a 
linkage study is being carried out in some of the 


which exhibit a high 
frequency of the « nzvine deficiency 

Families characterized by a colour-blind son were 
mvestigated for enzvinie aetivits Only 
which both mutant characters segregated with their 
alleles were inelided in the investigation : 
each sibship exhibited only one ty pe ot eolour blind 
according to. the 
Ishihara 

Thirty-seven 


Jewish communities in Israel 


families m 
normal 


hess, rough classification of the 


tables 


brothers of ten such families. were 


found to segregate as shown in Table | 


Normal 


Normal Det 


Rach of these ten families thus comprises only two 


classes of sons, and there is complete lack of re-assort 
ment between the two characters investigated \r 
the present stage, I am unable to account for the 
excess of repulsion between the two mutant genes 

These results indicate, therefore, a fairly 
linkage between the loci determining colour-blindness 
and enzyme deficiency, and testify strongly against 
autosomal inheritance of the latter. They do not 
exclude partial sex-linkage of this trait, since families 
in which the trait would have been passed on from a 
father to all his sons in his 
have been excluded from the investigation because of 
lack of segregation. 
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VIROLOGY 


Relationship of Hepatoencephalomyelitis 
Virus and Reoviruses 
IN 1953, the virus 
hepatoencephalomyelitis virus was deseribed'. This 
from the aboriginal! 
child suffering from a respiratory infection and who 
later developed alopecia areata Further work? on 
this virus revealed the properties: (1) 
Production of clinically recognizable disease only in 


isolation of a new termed 


was recovered of an 


follow igre 


suckling mice (commonly observed signs oily hair, 
jaundice, peritoneal exudate, ataxia; a neurotropic” 
variant killed imfant rapidly these 
clinical signs). (2) Typical lesions in suckling mice 
were observed in the brain, cord, 
(3) Membranes of LILO 
withheld virus ; those of 130 mu average pore dia 


meter did not. 


rice without 
liver and heart. 


Ins average pore diameter 


(4) Resistance to ether (5) Growth 
in tissue culture and chiek embrvos. Infeetion 
m mice associated with the increased production 
of fecal material of exceptionally high fat content 
(7) The infeetion could be 
suckling 

Agents which appear to be identical with he pato 
encephalomyelitis virus have also been isolated in 
Holland by van Tongeren® from human feces, end in 
India from mice by T. H. Work (personal communica 
tion, 1957). 

In 1959, Sabin* proposed the group name 
tor a number of 
properties from 
respiratory tract 


it) 


transmitted orally to 


reovirus: 
other 
and 


viruses distinet in 
other well-known 
viruses. 

Subsequent invest igations®.* have shown the ubiqui 
tous nature of the reoviruses and revealed the follow 
ing properties: (1) Membranes of 110 
pore diameter withheld virus: those of 
average pore diameter did not (2) 
ether. (3) Growth in tissue evulture. (4) 
grew in chick embryos (5) Infection of suckling 
with the brain, heart and liver. 
(6) Production of a haemagglutinin for human group 
erythrocytes. (7 
determined. 


and 
enteric 


size 


average 
130 
Resistance to 


Some strams 


We 


mice lesions in 


) Three serological ty pes have been 


Reoviruses with properties described above have 
heen isolated from fieces of healthy children. children 
with diarrhea and children with steatorrheic enteri 
tis; and from chimpanzees with rhinitis, a monkey 
with pneumonia, uninoculated monkey kidnev tissue 
cultures, guinea pigs, mice and cattle®.’, 

The similarity of the hepatoencephalomyelitis virus 
and the reoviruses the further 
reported here. Through the courtesy of Drs. A. B. 
Sabin and Leon Rosen, the following strains of 
reoviruses, and antisera to them, were made available : 
type (Lang’); type 2 (‘Amy’ type 3 
(Dearing? and ‘Abney’). Infection of suckling mice 
by the intraperitoneal route showed that both the 
Dearing’ and ‘Abney’ strains of reovirus tvpe 3 
produced classical hepatoencephalomyelit is virus 
infection in suckling mice, with peritoneal exudate, 
oily hair effect, feces with high fat content and lesions 
in brain, cord, heart and liver. Neutralization tests 
in suckling mice with 100 7.D.,,. of hepatoencephalo 
myelitis virus gave the following results with hyper 
sera against 


stimulated mquiry 


and *Jones’) : 


no protection at 1/10 

no protection at 1 10 
» 3 CDearing’) complete protection at 1/160 
Hepatoencephalomvelitis 


Virus complete protection at 1/220 
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Neutralization tests im suckling mice with L00 J.D 
of reovirus type 3 Abney’) gave the following result» 
with hyperimmune sera against 

Hepatoencephalomy eliti 


complete protection at 1/326 


( Dearing complete protection at 1/160 


In addition, (1) a complement -fix ine 
antigen was shown for both hepatoencephalomyelit is 
virus and the reoviruses ; (2) hepatoencephalomy« 
virus produced a hemagglutinin for human grou} 
erythrocytes ; (<3) 


tests confirmed the neutralization tests : and (4) the 
type 3 reovirus (Abney stram) infects suckling mic 
by the oral route and produces the oily hair effeet 
and lesions in the liver, brain and heart 

These that 
mivelitis reovirus 
related, 


observations show 
virus and the 
and that no 


with these tests between reovirus type 


hie patoen ephalo 


group are closely 
demonstrabl 


3 and hepato 


differences are 


encephalomvelitis virus 

The passage of hepatoencephalomyelitis Virus on 
tissue culture or chick embrvos aids in the selection 
of the 


the oily 


neurotropic variant, which does not produc 

hair effeet?. A may have 
occurred some strames of reovirus primarily rm 
covered by ton hniques As all the 
reoviruses so far reported have been isolated primarily 


sioilar change 


tissue culture 


mn tissue culture, and as the hepatoencephalomyelit is 
Virus strains isolated have first been demonstrated in 
suckling mice (being particularly noticed by the oily 
hair effect), it is suggested thet selection of variant- 
could well occur in either host by continuous passage 
hefore testing the ability of the 
fresh host. 


to infeet a 

The facts that hepatoencephalomyelitis virus pro 
dices a disease of steatorrhosie type in mice and that 
the ‘Amy’ strain of reovirus was isolated from: humans 
with steatorrhe@ic enteritis that) further 
inquiry should be the significance 
of these agents in some forms of 


suggest 
made to 
the etiology of 


USSESS 


steatorrhoea in man. 
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Use of Snake Venom Phosphodiesterase 
in Place of Pancreatic Ribonuclease for 
the Testing of Nucleic Acid Preparations 
from Tobacco Mosaic Virus 
DEPROTEINIZED — plant preparations — are 
customarily incubated with pancreatic ribonucleass 
in order to show that their infectivity is not due to 


virus 


residual virus particles. With tobacco mosaic virus 
nucleic acid, exceedingly small concentrations of the 
enzyme (10-8 are sufficient to abolish 
infectivity after incubation for 24 hr. at room 
perature, whereas tobacco mosaic virus is not affected 
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INFECTIVITIES OF ToBACCO Mosak 


| 
Concentration Infectivity | 


of original 
preparation® 


of diesterase 
(vem. protein/ml.) 


ration 


0-025 M glycylulycine buffer, pH <5 
TMV 20-7 
TMV-NA 20-7 27 
TMV-NA 4 ” 
0-025 M phosphate buffer, pH 7 5 
TMV Vat 
rMV-NA in 13 
rMV-NA ued 
117 
lV-NA 
rMV-NA J 73°s 
M acetate butte pusel 
wet 


erage number of local lesions pet 
Incubated t room temperature for 


a thousardtold higher concentration However. 


these conditions tobacco VITtis nuclei 


by 
wid 

ill of its 


tecessitate 


often loses most 


incubation 


without OTLZV 


Shorter 


ineubated 


activity times of 


the concen 


ribonuclease 
pancreatic 


use of higher 
frations, but at higher concentrat rons 
ribonuclease, when mixed with plant viruses, inhibits 
effect immediately after 
with does mot 


eoceurs 
the 
of the 
ribonuclease 


nfection? This 
mixed 
inevibation 


vires and 
concentration 1s 


rj) lease 
nerease Con 
seqquently, as the 
mereased and the incubation period shortened, the 


within which tobacco mosaic virus nucleic acid 


is inactivated and tobacco mosaic virus is not affected 
becomes progressivel, If one considers 
that the effect on the virus of a given concentration 
furthermore a function of salt 
concentration of tobacco 


narrower. 


of ribonuclease is 


coneentration and ot 


osaic virus’, it beconws evident that the results of 


incubation studies with ribonuclease must be carefully 
valuated before com can be drawn 

An enzyme with more preferential action on virus 
nucleic acid and better stability in solution would be 
of value. Data pres: nted here show that snake venom 
phosphodiesterase fulfils these require ments 

Che phosphodiesterase was. purified from eastern 
larnond-back rattlesnake venom bv the method of 
Sinsheimer and Koerner The tinal preparation 
contained 2-8 mgm. protein per ml. It was stable at 
for several weeks Tobacco virus 
lee acid was prepared by the method of Cierer 
Mixtures contamimg 0-5 ml. of an 
tppropriate mosaic Virtis or 
tobacco mosaic virus nucleic acid, 0-5 ml. of 0-1 VW 
buffer, and of diluted phosphodiesterase were 
neubated for 1 hr. at Mixtures 
n which water was substituted for the enzyme or the 
was to imoculation served «as 

Infectivity was assayed on plants of 
Nicotiana glutinosa L. by 


mosaic 
iu Sehramm®. 


dilution of tobacco 


room temperature 


alded 


nzvme 
ontrols 
Datura stramonium L. or 
noculation of 8-16 half-leaves with each preparation 
lable 1 gives the results of some of the tests made. 
Incubation the led to 
inactivation of tobaeceo mosaic virus 
nucleie acid except im those cases where either the 
concentration insufficient or the pH 
alue was too low Tobacco mosaic virus prepara- 
tions retained approximately 50) per of their 
miteetivitv regardless of whether the virus was or 
; vith the Virus 


with phosphodiesterase 


ormplete 
eonzvIne Wits 


cent 


Trie* 


vas not meuhated for | hr 
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TMV NAY 


Mosate Vines AFTER INCUBATION 


AT Koow TEMPERATURE 


1 HR 


Lesion lust 


Diesterase added 


| Prior to incubation | Prior to inoculation 


11! Datura stramoniun 
Datura 
“a Datura stramoniurn 
t Datura stramoniurn 
Datura stramoniumn 
Datura stramonium 
67 Nicotiana glutinosa 
\icotiana glutinosa 
lime Datura stra 

Datura stramoneun 


Datura atramaniun 


absence of phosphodiester ase 


preparations of very low titre still produced Jesions 
after beimg incubated with high concentrations of the 
enzyrne 

Thus, 
ribonuclease, 
tions of tobacco mosaic 


venom phosphodiestcrase, like pancreat i: 
readily destroys the activity of prepara 
Unlike 


only 


virus nueleie acid. 
pancreatic ribonuclease, phosphodiesterase 
weakly inhibits infeetion with the virus 

The preferential action of the phosphodiesteras 
may be a COTSequence of its high pH optimntrn \ 
pH 5-1, the enzyme had only a slight effect on the 
infectivity of tobaeco mosaic virus nucleic aeid. The 
virus, on the other hand, was equally inhibited at 
pH 5-1 and 7-5 whether it was incubated for I hr. or 
Chis suggests that the inhibition of tobacco 

virus infectivity was 
that. it must have 
sensitive stage after imoculation 
enzymatic action did after 
relatively slight effect of phosphodiesterase on virus 
infectivity can readily be explained by the unfavow 
able pH value for enzymatic action within the host 


not. 
enzymatic, 


non-enzymatic or, if 
occurred during a 
Assuming that 


occur inoculation. the 
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SOIL SCIENCE 


C Horizon of the Soil Profile 


\ RECENT communication by Whllimott 
Shirlaw' refers to the C horizon and its absence in 
soils developed from  fluvio-glacial and alluvia! 
deposits near Durham City. These authors use a 
definition of C horizon as “unconsolidated parent 
material substantially snnilar to that from which the 
solum has developed’ This is the definition of the 
U.S. Department of Agriculture*, in which the © 
horizon is described as “weathered parent material 
and “ANA which is not paren 


and 


meludes stratum 


: 

at 
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material”. It is widely held that such a distinction 
between unconsolidated and consolidated parent 
material is difficult to maintain. In the case of a rock 
and an overlying drift or weathered material derived 
from similar rock, it has been the practice to deseribe 
the latter as parent material and the former as parent 
rock. Such a differentiation is not universally 
favoured, but an indexing of these as C, 
(unconsolidated parent material) and C, (rock, the 
weathering of which is producing C,) is_ preferable 
to the use of D in this case. D as a symbol is then 
confined to material not contributing to the over- 
lying solum but influencing it in some way, such as 
This use of C, and C, is 


Cases 


in its moisture relations. 
that adopted by Kubiena*. 
It is, in practice, a difficult line to draw between 
unconsolidated and consolidated material, if the 
indexing of these is to separate them sharply as C 
and D. As an example of the difficulty if C is maim- 
tained only for unconsolidated material, we can 
consider a progression in parent rock from alluvial 
clay, through unconsolidated clay such as many 
Jurassic and more recent rocks, soft shales and harder 
Paleozoic shales, to Cambrian slates. At which 
point in such a series do we decide that the consolida 
tion has proceeded so far that classification as C 
horizon is no longer appropriate ? The use of C, and 
, symbols indicates much more clearly the 
relation of rock and weathered rock to soil. It 
frequently happens with sedentary or nearly sedentary 
soils that rock weathering and soil formation take 
place so that A or A and B horizons overlie solid rock 
directly ; that is to say, pedogenic processes keep 
pace with rock weathering and no weathered rock 
exists Which has been subjected to further 
pedogenie weathering. All such soils on the USS. 
Department of Agriculture system would be indexed 
as variants of A, D or A, B, D profiles. This seems 
inadequate to express relationships of soil and rock 
clearly. On the Kubiena system, the soils under 
discussion are classified as A, C, or A, B,C,. A,B, D 
soils are confined to those in which the solum has no 
derivation, direct or indirect, from the D horizon 
Willimott and Shirlaw suggest that the absence of 
© horizons in soil profiles has not previously been 
reported for soils of the United Kingdom. It. is, 
however, the general case that in layered alluvial 
deposits, material is often absent which can be 
accurately indexed as C horizon. In the common 
case of a medium or heavy-textured soil overlying 
gravel, the gravel is D horizon material, and profiles 
may vary rapidly in type between A, B, D; A, B, 
CD. D or A, D, as is the case in alluvial soils along 
some rivers in North Denbighshire, surveyed with 
J.F. Harrop’. Such alluvial soils have been described 
and indexed as variants of A, B, D profiles in 
earlier Memoirs of the Soil Survey of Great Britain. 
For example, Muir®, considering alluvial soils derived 
from varying proportions of Silurian and Old Red 
Sandstone rocks, indexes these as S, B, D or S, BC, 
PD (using S to indicate the surface horizon of a cul 
tivated soil, equivalent to A or Ap in some usages). 
Non-alluvial without (© horizons are also 
described in the area covered by this memoir. Hob 
kirk and Faw series occur developed on thin till of 
Old Red Sandstone origin overlying Old Red Sand- 
stone rock. This latter can vary greatly in lithology 
and is classified as D horizon. Muir states (op. cit., 
p. 64): “With this series (Hobkirk) it is unusual to 
‘ind a C horizon, for the till is generally very shallow. 
The properties of the D horizon can vary greatly 


Cc, as 


not 


soils 
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Again, Glentworth*, in his consideration of alluvial 
soils, indexed only an S horizon, while the Bogtown 
association, developed on what is believed to be 
interglacial lacustrine clay, is represented by one 
profile of horizons S and @ only, which overlies a 
buried soil. Such composite profiles, in which © 
horizon material is no longer present, are frequent, 
especially in hill areas. Colluy ial deposits may cause 
material derived from one rock-type to overlie 
another, also giving an A, B, D profile. In this case 
the C horizon material may be located higher up the 
slope, not in physical connexion with a solum 
developed from it. 

In the final example quoted by Willimott and 
Shirlaw, it would appear helpful to consider using 
CD (or C,D) as a horizon symbol. This indicates 
that the material so indexed has contributed in part 
to the overlying solum. The solum has, however, 
been partly derived from other sources. The CD 
definition indicates that such material also fills in 
part the definition of D material as a material 
influencing the solum, but unlike that from which 
the solum has been formed. The case of shallow soils 
developed from mixed till including limestone, over- 
lying limestone, would then be indexed by variants 
of A, CD. 


Such cases are widely met with in Britain ; for 


example, in my experience in both North and South 


Wales. where shallow drift overlies rock which is 
D or CD horizon. In Glamorgan, drift of gravelly 
outwash of mixed origin, and silty loam possibly 
Carboniferous shales, both overlie 
Carboniferous Limestone, and where the drift is 
shallow, C horizon material may be missing. In 
North Wales, an A, CD profile is frequent in shallow 
soils, again over Carboniferous Limestone’. 
D. F. Bau 
The Nature Conservancy, 

Headquarters for Wales and Bangor Research Station, 

Penrhos Road, 

Bangor, 
Caernarvonshire. 


! Willimott, S. G., and Gilchrist Shirlaw, D. W., Nature, 187, 966 (1960) 
1951). 


derived from 


? U.S. Dep. Agric., Soil Survey Vanual (Washington 

Kubiena, W. L., The Soils of Europe (Murby, London, 1953). 

‘ Ball. D. F.. The Soils and Land Use of the District Ro ind Rhyl and 
Denbigh (A.M.8.0 London, 1960) 

Muir. J. W., The Soils of the Country round Jedburgh and Morebattle 
(H.M.S.0., Edinburgh, 1056) 
*Glentworth, R., The Sots of the 

and Turriff (A.M.S.O., Edinburgh 


Countru. round Banff, Huntly 


1954) 


D. F. Bau has raised a number of points arising 
out of our original communication on this subject. 
The distinction between the definition of soil horizons 
adopted by the U.S. Department of Agriculture! 
and that by Kubiena* turns on the question of the 
nomenclature of the solid rock. In the first system 
this would be designated as a D horizon and, in the 
other, either as a C, or a D horizon depending on its 
relationship to the regolith. Whichever system 18 
adopted, and each has its merits, the essent ial require- 
ment remains that a C horizon should bear a direct 
relationship to the solum developed. In a recent text 
it is noteworthy that Thompson® states that: ““The 
recent trend is to describe the consolidated parent 
material below the C horizon (or immediately beneath 
the B horizon) as the D, horizon”. 

It may therefore be useful to consider the advan- 
tages of the system accepted by the U.S. Department 
of Agriculture : 

(1) This system has 


logists and any change, 


long been accepted by pedo 
which may well cause con 
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fusion, can only be justified provided it leads to 
clarity and facility in the recognition of debatable 
soil-horizons. 

(2) The underlying unweathered solid rock cannot 
be accepted as part of the regolith ; to designate it 
as C, is therefore unacceptable. 

(3) The correctness of the view that there is no 
necessary correlation between the “weathered parent 
material’ and “unconsolidated parent material” is 
agreed. The C horizon of the U.S. Department of 
Agriculture may or may not be partly consolidated. 

(4) We are dealing with soil formation, and the 
question whether the parent material is consolidated 
or not has no bearing on profile designation. There 
would seem to be no complication on the progression 
of parent materials from alluvial clay to Cambrian 
slates, cited by Ball, which incidentally can be found 
without resorting to widely different geological ages. 
On this interpretation, in the example quoted, the 
soft clay or shale, in the same way as the slate, is 
acceptable as a D) horizon when it can be seen to be 
unweathered, that is, unaltered by pedogenic pro 

The findings of Muirt and of Glent worth’ on certam 
of the soils of Scotland mentioned by Ball (Joc. e7/.). 
as well as the Ball in Wales, are of 
mterest in this context and we are indebted to him 
for directing our attention to them. These experi 
ences offer substantial confirmation of the view that 
soils with no recognizable C horizon are widespread. 
Indeed, since the publication of our communication®, 
protiles with similar characteristics have 
encountered in aeolian soils in Libya’. A number of 
profiles, exhibiting a horizon the 
A, B, D type, were studied in an area located about 
25 miles south of Misurata in the region of Taourga 
oasis (Tripolitania). Soil profiles with a horizon 
succession of A, D type were also recorded. It is 
hoped to publish details of the Taourga soil survey at 
a later date. Furthermore, in the course of a detailed 
survey of Malta, Bowen-Jones and Dewdney* 
reported very shallow loams developed over limestone 
in Which a succession of A, )) horizons was recognized 
in the profile. Here admittedly human activity had 
contributed in part to the soil material ; nevertheless, 
on level areas little exposed to soil wash, an A, I) 
protile develops with time. Thompson (loc. evt.) 
also reports profiles of this type in the United States. 

The designation of a CD horizon in the profiles 
developed over magnesian limestone in County 
Durham may provide a solution to the difficulty 
previously discussed*. On the basis of the U.S 
Department of Agriculture classification of a 
horizon, the CD indexing would appear to be valid 
since it indicates the dual role taken by this horizon 
in supplying part of the parent material and as 
constituting the underlying rock. A clear definition 
is necessary, however, since other protiles may carry 
a similar designation but with different significance. 
For example, certain rendzinas® are indexed 4, AC, 
("; mm this case the significance of the AC designation 
is that the horizon represents a transitional zone only 
and (©. Agaim, the designation Af 
indicates that the 4 horizon is gleyed. 

Soils in which no true C horizon can be observed 
represent a special case. It may be useful to consider 
three typical examples, namely alluvial 
shallow drift soils and deep fluvioglacial soils. 

Alluvial Some of the soils developed on 
alluvium referred to by Ball, for example, the Bog 
town association studied by Glentworth®, exhibit a 
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solum which is still actively developing and evolving. 
Here the solum is shallow and may actually be 
accumulating. The true parent material is all trans- 
ported. Furthermore, the pedogenic process is 
keeping pace with the deposition of parent material. 
In this case the absence of a true C horizon is inevit- 
able so long as the deposit is shallow. Although the 
alluvial deposits studied at Durham'’ were much 
deeper (up to 10 ft.), a true C horizon was again absent. 

Shallow drift soils. In the shallow drift soils of the 
Hobkirk and Faw series, studied by Muir (loc. e7t.). 
the parent material was originally derived from a 
distant origin. This forms drift, which after pedo- 
genesis is too shallow to retain an unaltered laver of 
parent material the solum. Here the © 
horizon occurs only in the initial stages of solum 
formation. 

Fluvioglacial soils. In the deep fluvioglacial soils 
observed at Durham!'! the potential parent material. 
up to 23 ft. thick, is composed of thin beds of hetero- 
yeneous material—gravel, sand and clay. With the 
development of 2 horizons, solum formation oecurs 
down to a depth varying roughly between 6 ft. and a 
maximum of 124 ft., and is underlam basically by /? 
horizons. Owing to the varned and 
character of the deposits, a C horizon is not now 
present. In the course of time, pedogenesis allows 
successive JD) horizons to be transformed into true B 
horizons. Whichever method of classification is 
applied, the horizons beneath the 
horizons would be designated D. 

It is therefore inevitable that in the case of the 
shallow alluvial and the shallow drift. soils, profiles 
of the 4, B, D type will develop. In both cases these 
represent very shallow soils. The fluvioglacial soils 
are different because there is adequate parent material 
which has been exposed for a period sufficient for a 
complete soil profile to evolve. Here the A, B, D 
type soils are the result of the inherent geological 
properties of the fluvioglacial deposits which, in 
time, allow a succession of D horizons to change into 
8 horizons as the profile evolves. Lt was to this latter 
class of A, B, D type profiles that we wished originally 
to direct attention. 
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of Durham) (in the press) 

* Duchanfour, P.. Pédologie, 2 (Nanev. 1957) 

* Gilchrist Shirlaw, D. W.,. and Willimott. 
Phil, Soe. 18, A (Science), No. 15 (1960). 

Willimott, S. G.. and Gilchrist Shirlaw, D. W. 
Phil. Soc., 13. A (Science), No. 14 (1960) 
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Phosphate Requirement of Lupins grown 
as a Pioneer Crop on Culm Measure 
Soil with Impeded Drainage 


LUPINS are reputed to be one of the most efficient 
extractors of phosphate from soil among farm crops 
and have been used extensively on the Continent as a 
pioneer crop on soils of very low phosphate and lime 
status 

In order to explore the possibility of making Use of 
lupins as a pioneer crop on Culm Measure soil which 
was poorly drained, acid and of low phosphate status. 
a newly cleared field at the North Wyke Experimental 
Station, Devon, was sown with lupins in 1958. In 
this field an observational experiment with phosphate 
was conducted in which a large response to super 
phosphate was Consequently, im 1959, 
a replicated field experiment was laid down m order 
to determine if this effect: was due to phosphate or to 
other constituents of superphosphate. 

The results of this experiment are given in Table 1, 
from which it can be seen that the very marked vield 


observed. 


responses are all associated with phosphate applica 
tions, indicating that the effect of superphosphate was 
due to its phosphate and = not any other 
stittent. 

Further, the figures for phosphorus content in the 
plant dry matter strongly that the yield 
responses were caused by phosphate applications and 
not, for example, by a phosphate molybdenum iter 
action’. The similarity between the plant nitrogen 
contents also that the supply of trace 
elements was adequate. 

This experiment does not support the assumption 
of long standing that lupins are able to obtain phos 
phorus from relatively insoluble soil phosphates. This 
finding is in agreement with an observation made by 
Schofield and Nethsinghe*, who equilibrated a mixture 
of a surface soil derived from Upper Greensand and 
river sand with phosphate labelled with phosphorus- 
32 and grew cabbage, barley and lupins in the mixture 
\llowing for phosphorus in the seeds, they found that 
six weeks after potting, the specific activity of the 
phosphate taken ito the plants was the same for all 
three species, and was equal both to that in the 
solution after equilibration and to that im the calcium 
chloride extract of soil from similarly treated pots 
without. plants. Hence none of the crops, meluding 
lupins, mobilized insoluble phosphates, that 
isotopically non-dilutable phosphorus. 

When lupins can thrive without phosphate applica 
tion, even on soils with a very low phosphate status, 
the explanation is more likely to be an ability to 
obtain phosphate from the deeper layer of the sub 
soil outside the reach of more shallow rooting crops 
In the experiment impeded dramage 


to con 


suggests 


Is. 


deseribed, 


Fable 1. 


Measure 
soluble 


PHOSPHATE EXPERIMENT IN LUPINS (VARIRTY 


soil: Culm History 


impeded drainage with clay subsoil. 
phosphate 


Yield of ary 
matter (owt 


Treatments | 4 received Tb 
K,Q acre plus the following 


Rate of applica 
thon per acre 


Nil 

Single superphosphate 
Monocaleium phosphats 
ieyvpsum 

Monopotassium phosphate 


120 1b. PLO 
120 Ib. P.O, 
As present in 2 
120 Ib. PO, 


LSD 
LSD 
SLE. per plot 
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possibly prevented the lupms from drawing on 
phosphate reserves in the subsoil and consequently 
the crop was very responsive to phosphate. 
S. LARSEN 
Dy. GUNARY 
Levington Research Station, 
Departinent of Soil Science, 
Levington, 
Ipswich. 
‘Stout, P. K., Meagher, W. R., Pearson, G. A 
Plant and Soil, 3, 51 (1951). 
Schofield, R. K., and Nethsinghe 
Society of Soil Seience (19059) 


md Johnson, C. M 


I. A.. paper read to the British 


PSYCHOLOGY 


Measurement of Psychomotor 
Perseverative Tendencies 


ONE of us (S. D. P.)' has deseribed what be believes 
to be a novel procedure in psychological research. 
It based a well-attested that, if 
individuals repeat after a brief interval of time a 
of simple 
perseverative tendencies upparent. 

When shuffled among group Of similar maze 
threadings by other individuals, the first: performance 
can be correetly matched with the second in about 
all 


view, 


observation 


on 


section a maze, some very surprising 
become 


other 

The 
matched have been tabulated 
tor S00 pairs of performances, and show apparently 
little differences in the matching ability of experienced 
observers. The phenomenon is considered remarkable 
on two counts. 


0 per cent of cases, even When mames or 
identifving marks 
percentages correct ly 


are concealed from 


In the first place it is surprising that 
recognizable patterns occur on the basis of a single 
repeated performance of an activity which is new in 
the experience of the subject. As is well known, 
habits of action are ordinarily established only on 
the basis of very many repetitions of the activity in 
question. 

In the second place, the matching process depends 
on similarities in lines and turnings at eight different 
points. The performance is so arranged that it would 
be difficult, not to say impossible, for the individual 
to reeall consciously the kinds of lines or the types of 
turns he made on his previous attempt. This un 
awareness is heightened by the fact that his attention 
is distracted by the necessity of choosing the course 
to be pursued to find his way out of the maze. Yet 
though he may be unable to describe verbally or to 
demonstrate the kind of turn he made at any par 
ticular point, yet he usually to his 
original The strength of this tendency 
varies; in some individuals it is so strong that the 
pattern is still clear after a year’s interval between 


tends repeat 


pattern. 
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performances ; in 10 per cent the repetitive tendency 
18 80 weakly impressed that their records are un- 
matchable even when the lapse of time is only 20 min. 
It may well be that the distraction of planning the 
course allows subconscious retention to play its 
full part. There seems no reason for believing that 
this perseveration differs in nature from that dis 
played in gestures or other automatic expressive 
movements. 

However, the demonstration of this phenomenon 
would amount to little more than a psychological 
stunt if the pattern of similarities cannot be expressed 
in the form of a numerical score that would represent 
the strength of the subconscious tendency. We and 
our co-workers at the University of Hawaii have 
devoted considerable time and effort to developing 
such a seore by projecting the paired performances 
on a large sereen. Four psychologists, having first 
set up standards of comparison, allotted points to 
each pair of turns in the maze performance according 
to their degree of similarity, and also to the place of 
beginning and to the style of going out the final exit. 
These ratings were then averaged and summated 
as a score. It seemed to be a safe conclusion that very 
high scores distinguished individuals with rigid 
standards of performance, whereas low scores 
signified less consistent or persistent methods of motor 
expression. No value judgments with regard to these 


differences can be assigned at the present stage of 


our research. The system of allotting conformity 
flexibility scores was described and discussed in the 
articles cited. Obviously, definite theoretical assump 
tions were premature until more objective scoring 
methods could be used. 

We are now exploring what promises to be a much 
more reliable approach. We are attempting to devise 
an IBM scanning procedure such that the pencil 
tracing on the Porteus Maze will in effect be plotted 
and recorded in an IBM 650 co-ordinate system. 
We propose to use in a first possible method of 
scanning an opaque, enlarged projection of a Porteus 
Maze section on a mark-sense IBM ecard. An experi- 
menter will then fill in those circles on the mark-sense 
cards that the line tracing from the Porteus Maze 
crosses. From the mark-sense card the IBM machine 
will automatically punch a regular card. 

An alternative method will discard the use of the 
opaque projector should it prove to be too unreliable 
for an experimenter to follow the enlarged tracing 
on an IBM card. With this method we will attempt to 
print enlarged photographs of the pene’! tracing on 
sensitized IBM cards. The experimenter then might 
find it easier to fill in the mark-sense circles and his 
measuring discriminations therefore might be more 
reliable. When our seanning procedure is perfected, 
with proper subsequent programming, we should be 
able to score in a completely objective manner 
characteristics of the pencil tracings that have 
previously been found to be important in the matching 
process. 

Once a reliable measure of the perseverative ten- 
dency has been achieved, we can then study the 
behaviour of groups segregated by age, sex, race, 
intelligence, social adjustment, mental stability, ete. 
Whether or not the procedure will demonstrate the 
influence of subconscious retention is not at present 
of crucial importance. 

The fact that the new approach differs from other 
personality assessments is worth emphasizing. It 
does not depend on questionnaires, or verbal reports 
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from the subject. He is not required to reproduce o1 
imitate, so that no creative or artistic ability is 
involved. The situation exhibits a minimum of 
external structuring, but on the other hand presents 
to the subject of the experiment a maximum of 
opportunity to display his characteristic styles of 


response, with no intervention by the observer. Nor 
does the former have any knowledge of the sig 


nificance of his reactions. Hence the scoring comes 
closer to what Eddington has termed pointer readings, 
so familiar to physicists and chemists. It is true that 
experimental psychologists also use similar measure 
ments in studying sensory phenomena. We believe 
that our approach takes in larger sections of behaviour 
than if the eye or the ear is being studied, and is less 
likely to issue in a psychology of ‘bits and pieces’. 
In other words more of the whole man is engaged 
and the style of his habitual or everyday reactions is 
more definitely indicated. 

It is perhaps unfortunate that the Porteus Maze 
Test, first published forty-five years ago*, forms the 
basis of the new procedure, since psychologists may 
easily jump to the erroneous conclusion that this 
constitutes merely another application of a very old 
test. As there are neither right nor wrong responses, 
and hence no successes or failures as in the Maze 
Test, the two applications are entirely different. The 
situation is analogous to the two uses of a hammer. 
which can be used for driving in or extracting nails, 
dependent upon which end of the hammer-head is 
employed. The main connexion with the test is that 
eight designs of a regular Maze series are first threaded 
by the subject before he is asked to repeat the eleven 
year design which oceurs about the middle of the 
series. The sole aim of this is to interpose a number of 
other stimuli and responses so as to make it unlikely 
that the individual will have any conscious recollec- 
tions of the details of execution previously carried 
out. The essential difference is that the psvehologist 
is now interested in what the individual does, and 
not in what he ought to have done. 

The main reason for this communication is the 
realization that the task of developing more exact 
methods and their application is difficult. It is 
hoped that appreciation of the new avenues of poten 
tial psychological inquiry which could be opened up 
may attract the interest and co operation of others. 
As one example, it would be indeed interesting to 
discover at what ago we tend to become ‘set’ in our 
ways and thus less flexible in action or judgment, or 
whether individuals are immune from this 
process of ‘neurosclerosis’ as an accompaniment of 


some 


ageing. 
A secondary aim is to make the methods used more 
intelligible to scientists than are some of the clinical 
approaches of psychology and psychiatry. The fact 
that funds may not be available here for the con 
tinuation of the project makes it all the more desirable 
that other workers be more fully appraised of an 
approach that appears to be promising for the 
further study of human behaviour 
Ss. D. 
A. L 


PORTEUS 
DIAMOND 
Psychological Research Center, 

University of Hawaii, 
Kleman, J. P 
Porteus, 8. D., and 


3 (1960) Porteus, 
Boll, 


* Porteus, 8S. D., Barclay, J. E., Culver, H. S., and 
Perceptual and Motor Skills, 10, 215 (1960) 
Kleman, J. P., The Mankind Quarterly, 1, 2 
8. D., Revue de Psychol. App., Paris (in the press) : 
App., Italy (April 1960). 

*J. Exp. Pedagogy (June 1915). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February 27 

Lecture Theatre of the 
London, W.C.2), 
Meaning of OR 


RESEARCH Socrety (in the 
Roval Society of Arts, John Adam Street, Adelphi 
at 6 p.m Ir. A. H. Schaafsma (Holland) The 
for Production Planning”. 

RoyYAL GEOGRAPHICAL Society (at Kensington Gore, London, 
S.W.7), at 8.30 p.m.-—Sit John Hunt, ¢ B.E.: “A Summer Expedition 
to Greenland” 


OPERATIONAL 


Tuesday, February 28 


INSTITUTION OF NAVAL ARCHITECTS (at the Institute of 
76 Mark Lane, London, E.C.3), at 5.30 p.m Mr 
Safety of Nuclear Marine 


ROYAL 
Marine Engineers, 
J. M. Murray and Mr. H. N. Pemberton 
Propulsion Plant’. 

UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Ke ppel Street, Gower Street London, W.C.1), at 
5.30 p.m.-—Dr. A. G. Spencer: ° Hypertension and Unilateral Renal 
Disease : the Selection o: Patients for surgery "© (Fourteenth of fifteen 
lectures on “The Scientific Basis of Medicine” organized by the Brit- 
ish Postgraduate Medical Federation.) 


UNIVERSITY OF LONDON (at the Gustave Tuck Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.- Dr. A. BK. Hart: 
The Fuel Cell’.* (Second of tive lectures on “Generation of Elec- 


tricity without the use of Rotating Machinery”’.) 


ILLUMINATING ENGINEERING SOCIETY (at the Royal Institution, 
Albemarle Street, London, W.1), at 6 p.m Sir Graham Sutton, 
F.R.S “Long Range Weather Forecasting”. (Sixth Trotter- 


Paterson Memorial Lecture.) 


[NSTITUTION OF MECHANICAL ENGINEERS, STEAM GROUP (at 1 Bird- 
age Walk, Westminster, London, 5 W.1), at 6 p.m.— Discussion on 
The Advantages of Increased Pressures and Temperatures and 
Ratings of Large Steam Power Plant” 


SOCIETY FOR ANALYTICAL CHEMISTRY, PAYSICAL METHODS GROUP 
(in the Cuthbert Wallace Lecture Room, Royal College of Surgeons 
of England, Lincoln's Inn Fields, London, W.C.2), at 6 p.m.—-Meeting 
on “Physical Methods of Analysis Used in Me dical Research”. 
INDUSTRY, CORROSION GROUP (at 14 Belgrave 
1). at 6 p.m.—Cathodie Protection Panel 
und Mr. P. Clark ‘External Protection 


SOCIETY OF CHEMICAL 
Square London, S.W 
Meeting. Mr. M. 
of Floating Craft’’. 
INSTRUMENT TECHNOLOGY (at Manson House, 26 Port- 


SOCIRTY OF 
“Three 


land Place, London, W.1 it 7 pam.—Dr. V. 8. Griffiths 
Terminal Bridge Measurements and Automatiot 
Wednesday, March | 

ROYAL METEOROLOGICAL SocreTy (at 49 ¢ romwell Road, Londo 
S.W.7). at 5 p.m.— Dr. D. G. King-Hele Satellites and the Earth's 
Outer Atmosphere” (Symons Memorial Lecture) 

BRITISH INSTITUTION OF RADIO ENGINEERS, TELEVISION GROUP 
(at the London School of Hygiene and Tropical Medicin Keppel 
Street, Gower Street. London, W.C.1 at 5.30 p.m.—Mr. L. 
Bedford : Inaugural Address 

[INSTITUTION OF ELECTRICAL ENGINEERS ind the RoyaL AEKo- 
NAUTICAL SOCIETY (at the Royal Aeronautical Soc iety, 4 Hamilton 
Place. London, W.1), at 6 p.m Discussion on * The Training of 


Electrical and Electronic Engineers tor the Aireraft Industry”, opened 


by Mr. G. Bosworth 

PHYSICS AND THE PHYSICAL SOCIETY, X-RAY ANALYsIs 

Belgrave Square, London, 8.W.1), at 6.50) p.m.- Dr 
Crvstal Symmetry-—-Old and New”, 


INSTITUTE 
GROUP (at 47 
W. A. Wooster 


Wednesday, March |—Thursday, March 2 


IRON AND STERL INSTITUTE, IRON AND STEEI ENGINEERS GROUP 
(at 4 Grosvenor Gardens, London, 5.W.1) at 2.50 p.m, on Wednesday 
und 10 a.m. on Thursday— Forty-second Meeting 


Thursday, March 2 


Piccadilly, London, W.1), at 


KOYAL SocIETY (at Burlington House 
4.30 p.m Vr.J.C. Riiegg On the Tropomyosin-—paramyosin System 
in Relation to the Viscous Tone of Lamellibranch ‘catch’ Muscle" 
Miss Jean Hanson and Mr. J, Lowy The Structure of the Muscle 
Fibres in the Translucent Part of the Adductor of an Oyst« ‘a 

INSTITUTE OF PHYsics AND THE PHYSICAL SOCTETY ACOUSTICS 
Group (in the Physics Department, Imperial College of Science and 
Technology, South Kensington, London, 5 W.7), at 5.30 p.m Mr 
\. E. Crawtord Lead Zireonate—Titanate Piezoelectric Cer 

[NSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London 
W.C.2), at 5.30 p.m Mr. N. N. Haneock and Mr. P. L. Taylor 

The Place of Formal Study in the Post-tr iduate Training of an 
Klectrical Engineer” 

RoyAL ENSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, 
London, W.1), at 5.30 p.m.—Mr. A. K. Parker “The Function of a 


University 
Hygiene 
W.C.1) 
Agents’ 
rganized 


onpon (at the London School of 
Keppel Street, Gower Street London 
pm Dr. J. D. N. Nabarro “Oral Hypoglyermik 
of tifteen lectures on “The Scientific Basis ¢ f Medicine” 
British Postgraduate Medical Federation ) 


UNIVERSITY OF I 
Tropical Medicine 


Last 
by the 
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Belgravy: 
Progress 


SECTION (at 17 
Square, London, 8.W.1), at 6.30 p.m.—Dr, J, A, Catte rall 
ju the Electron Theory of Metals’. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at_West Ham 


College of Technology, Romford Road, London, E.15), at 7 p.m. Dr. 


INSTITUTE OF METALS, LONDON LocaL 


A. Miller: “Chemicals from Acetylene”’. 


Friday, March 3 


LONDON (at Burlington 
a.m.—Symposium on 


House, Piccadilly 
“The Experimental 


LINNEAN SOCIETY OF 
London, W.1), at 10.45 
Taxonomy of Flowering Plants”. Speakers include Prof. D. H 
Valentine. Dr. P. H. Raven, Dr. A. D. Bradshaw, Dr N. W. Simmonds 
Dr. J. R. Ellis, Dr. M. Borrill, Dr. K. Jones and Prof. I. Manton. 

SoclETY FOR ANALYTICAL CHEMISTRY (in the Meeting Room of the 
Roval Society, Burlington House, Piccadilly, London, W.1), at 2.15 
p.m.-—Annual General Meeting, followed by Mr. R. C. Chirnside 
The Enlargement of Horizons in Analytical Chemistry” 

ASSOCIATION OF CONSULTING SCIENTISTS, and the FORENSIC 
SOCIETY (at the School of Pharmacy, HPranswieck Square, 
W.C.1), at 5 p.m.—Colloquium on “The Expert Witness”. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEDICAL ELECTRONICS 
DISCUSSION GROUP (at Savoy Place, London, W.C.2), at 6 p.m.-— 
Discussion on “The Clinical Value of E.B.G, Recording” and “Present 
Trends in General Purpose Recorders”, opened by Mr. H. 
Morton and Mr. H. R. A. T 


ROYAL AKRONAUTICAL SOCIETY, ROTOCRAFT SECTION (at 4 Hamilts 


SCIENCE 
London 


Place, London, W.1), at 7 pam.——Mr. H. W. Mitchell and Mr, 8. G 
Lennox Helicopter Approach Aids’’. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1) it 
p.m.-—Sir Lawrence Bragg, F.R.S.: ““The Development of N-ra 


Analysis”. 
Saturday, March 4 
Loxpon County CounciL (at the Horniman 


Road. Forest Hill, London, 8.E.23), at 3.30 pam. —Mr 
Explorations on the Bolivia- Peru Border’’.* 


APPOINTMENTS VACANT 


following 


Museum, London 
A. W. smith 


APPLICATIONS are invited for the appointments 
before the dates mentioned 
ASSISTANT EXPERIMENTAL OFFICER (with at 


subjects including two (science or mathematics) at 


least G.C im tive 
“A” level, or equis 


alent, and laboratory experience in chemistry o1 biochemistry) to 
assist with investigations on sheep metabolism—The Secretary 
Institute of Animal Physiology, babraham, Caml ridge (March 4) 


salvator’s College—Joint Clerk 
Andrews (March 4) 

THE DEPARTMENT 
Technology 


ASSISTANT IN BIOCHEMISTRY In St 
to the University Court, College Gate, St 

HEAD (highly qualitied experienced person) OF 
or Paysics—-The bursar, College of Advanced 
Green, Birmingham 4 (March 5 

SCIENTIFIC OFFICER (with a good honours degree 


(rosta 


in mathematics) 


1 ASSISTANT EXPERIMENTAL OFFICER (With a pass degree or equiy 
alent) IN THE STATISTICS SECTION, to do advisor work on the design 
and analysis of experiments research work on biometrical 
problems—The Secretary Na Vegetable fesearch Station 


Wellesbourne, Warwick (March 6) 


LEVERHULME RESEARCH FELLOWS (2) (suitabl qualified graduates) 
IN RADIO-ASTRONOMY, for research in some aspects of radio-astronomy 
using the radio-telescope at the University s Nutheld Radio-Astronoms 
Laboratories at Jodrell Bank—-The Registrar, The University Man 
chester 13 (March 7) 

LECTURER IN Puysics— The Registrar and Seeretary King’s College 


March 10) 


upon Tyne 1 
niversity of Canterbury 


(University of Durham), Neweastle 
SENIOR LECTURER IN MATHEMATICS at the | 


Christehureh, New Zealand-——-The Seeretary Association of Univer- 
sities of the British Commonwealth, 56 Gordon Sqtare London 
W.C.1 (New Zealand and London, March 10) 

DEPUTY LIBRARIAN (with a good honours degree and experience ib 
university or similar academic library ind preferably with pre 
fessional library qualitications)—The Secretary University Colley 
Gower Street, London, W.C.1 (Mareh 11 


LEVERHULME RESEARCH FRLLOW IN THE Histoky AND PHILOSOPHY 
OF SCLENCE The Registrar, The University, Leeds 2 (Mareh 17) 

ASSISTANT IN BIOCHEMISTRY in the Department of Physiology and 
Biochemistry, Queen's ¢ Joint Clerk to the University Court 
Queen's College (University of St. Andrews), Dundee (March 18) 


ASSISTANT LECTURER (with a special interest experi ntal 
psychology) IN THE DEPARTMENT OF PsYCHoLé The Secretar 
University College, Gower Street, London, W.4 1 (March 1s) 


University Court 
(Mareh 1s) 
with special 


LECTURER IN GROGRAPHY-—Joint Clerk to the 
Queen’s College (University of St. Andrews) Dunder 

SENIOK LECTURER or LECTURER (graduate in medicine 
experience in virology) IN THE DEPARTMENT OF BACTERIOLOGY 
Secretary. The University. Aberdeen (March 15) 

LECTURER or ASSISTANT LECTURE! preferably specialized i 
inorganic chemistry) IN CHEMISTRY at the University ¢ Wlewe «oft 
(ihana-—The Inter-University Council for Higher Educ 
tion Overseas, 29 Woburn Square, London, W.C.1 (March 20) 

LECTURER IN Puystes—The Secretary, The University, 35 


Secretary 


North 


Bailey, Durham (March 25) 
SENIOR LECTURER and a LECTURER THE DEPARTMENT 
PuystoLoaey, University College, Ibadan, Nigeria The Secretary 


Senate Committee on Colleges Overseas in Special Relation, University 
of London, Senate House, London, W.C.1 (Mareh 27) 

BIOCHEMIST (with postgraduate experiener nd preferably some 
knowledge of bacteriological techniques) to in a research project 
on bacterial polysaccharides-——The Director, Central Enteric Reference 
Laboratory, Central Public Health Laboratory. ¢ lindale, London 
N.W.9. 
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ASSISTANT (with a university degree in science or tech- 
least two years postgraduate experience 
in science or industry)—The Manager, ature Otmce, Macmillan and 
Co., Ltd., St. Martin’s Street, London, W.C.2 

EXPERIMENTAL OFFICER (graduate, or with A.R.LC., H.N.C., or an 
equivalent qualification and experience in the use of techniques of 
paper and column chromatography) IN THE NUTRITION DEPARTMENT, 
for biochemical research on problems of protein and amino-acid 


and preferably at 


metabolism—The Secretary, National Institute for Research in 
Dairying, Shinfield, Reading, quoting Ref. 61/6. 

FRLLOW or LRCTURER IN College Secretary, 
Balliol College, Oxford 


teaching and research experience 
teacher of the University of 
~The Secretary, Sir John 


Heap (with the qualifications, 
necessary to secure recognition as a 
Lomion) OF THR DEPARTMENT OF PaYsics 
Cass College, Jewry Street, London, E.C.3. 

LABORATORY TRCHNICIAN (with biochemical experience) to work 
IN TUR DEPARTMENT OF CHBMICAL PATAOLOGY on research connected 
with muscle diseases—The Secretary, Institute of Neurology, National 
Hospital, Queen Square, London, W.C.1. 

MASTERS to teach Paysics: MATHEMATICS: and GEOGRAPHY 
The Headmaster, King’s College School, Wimbledon, London, 5.W.19. 

SENIOR LECTURER (physicist, with experience in university teaching 
and interested in the problems of radiation safety) IN HEALTd Puysics, 
for duties which will include the organization of postgraduate courses 
on the nature and control of radiation hazards, inauguration of research 
and the supervision of radiation safety throughout the College—Th¢ 
Secretary, Royal College of Science and Technology, ieorge Street, 
Glasgow, C.1. 

SENIOR LECTURER (with 
mathematics for the Diploma in 
courses in engineering and science) IN MAT? 


experience to teach 
and for Degree 
Registrar 


qualifications and 
Technology courses 
i1EMATICS—The 


(Dept. D), bradford Institute of Technology, lHradford 7. 
SENIOR Puysicist (with some experience in hospital physics) to 
wt as deputy to the Principal Physicist and to take responsibility in 


work—The House Governor, King’s 


London, 38.E.5. 


radiation physics and isotope 
College Hospital, Denmark Hill, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 
Medicine, Science and the Law, Vol. 1, No. 1 (October 1960). Edited 
by Francis E. Camps. (Official journal of the British Academy of 
Forensic Sciences.) Pp. 1324 viii. Published quarterly in October, 
fanuary, April and July. Annual subscription 63s. (U.S.A. 10 dollars.) 


Single issues 17s. 6d. (London: Sweet and Maxwell Ltd., 1960.) [2111 

United Kingdom Atomic Energy Authority: Research troup. 
Report, AERE-R 3349 The Deposition of Fission Products from 
Distant Nuclear Test Explosions—Results to the Middle of 1960. 
hy R. N. Crooks, Miss KE. M. R. Fisher, M. J. Owers and T. W. Evett. 
Pp. 12. (Harwell: Health Physics Division, A.E.R.E., 1960, Available 
trom H.M. Stationery Office, 1960.) 2s. 6d. net. {2211 


Harper Adams Agricultural College, Newport, Shropshire. Technical 


bulletin No. 3 Maize as a Silage Crop. By M. Eddowes. Pp. 13. 
ta. 6d. Technical Bulletin No. 4: The Control of Weeds in Maize, 
by M. Eddowes. Pp. 14. 3s. 64. (Newport Harper Adams Agri- 


cultural College, 
Welcome, 
British 
Za, Od, 
Ministry of Housing and 
The Surface Water Year-Book of Great Britain, 


1960.) {2211 
Stranger. By Ronald Smurthwaite. Pp. 16. (London 
Association for Commercial and Industrial Education, 1960.) 


2211 
Local Government, and Scottish Office. 
1958-59 : Hydrometric 


Statistics for British Rivers, together with related Rainfalls for the 
vear ended 30th September, 1059 Pp. xiv 92. (Loudon: H.M. 
Stationery Office, 1960.) 178. 6d. net. [2211 


Ministry of Agriculture, Fisheries and Food. Fishery Investigations. 
Series I, Vol. XXIII, No. 2: Hydrographical Observations in the 
irish Sea, January-March 1953, Pp.ii+25. (London: H.M. Sts 
Office, 1960.) 6d. net {241 

Kodak, Ltd How Photography Aids Industry and i 
Pp. 24. Kodak Materials for Colour Photography. Pp. 16. (London 
Kodak, Ltd., 1960.) [2411 

London County Council Public Health Department-—Scientific 
Annual Report of the Scientific Adviser for the year 1959. 
Pp. 46. (London: London County Council, 1960.) 18, 3d. {2411 

Bulle > of the British Museum (Natural History). Entomology. 

Vol. 10, No.2: Ni ee on some Mallop haga from Mammals, By G. H. B. 
Hopkins. Pp. 75-95 + plates 1 and 2. 108, Geology. Vol. 4, No. 7: 
A Revision of Cortal n Actinopterygian and Coelacanth Fishes, chiefly 
from the Lower Lias. By Brian George Gardiner. Pp. 239-384 + plates 
16-43. 60s. Vol. 4, No. 8: The h Cretaceous Ple urotomariidae. 
Ky Leslie Reginald Cox. Pp. 385-423 + plates 44-60. 35s. Vol. 4, 
No. 9: Two New Radiolitids (Radistia Lamellibranchia) from the 
Upper Cretaceous of — y. By Leslie Reginald Cox. Pp. 425-533 + 
plates 61 and 62. 6s. Vol. 5, No. 1: Fossil Denticipitid Fishes from 
Kast Africa. By Peter Humphrey Greenwood. Pp. 1-11 + plates 1-3 
7s. 6¢. (London: British Museum (Natural History), 1960.) {2411 


Other Countries 


Bulletin of the Florida State Museum, Biological Sciences. Vol. 
No. 5: Pattern Variation in the Frog, nulncola Duna. 


By Coleman J. Goin, Pp. 243-258. 0.35 dollars ol. 5, No.6: Color 
Pattern Variation Among Snails of the Genus nn on the Florida 
Keys. By Frank N. Young. Pp. 259-266. 0.20 dollars. (Gainesville, 
Florida: Florida State Museum, 1960.) [17il 


World Health Organization. Technical Report Series. No. 202: 
Chagas’ Disease-—Report of a Study Group. Pp. 21. 1 Swiss franc ; 
le, Od.: 0.30 dollars. No, 203: Expert Committee on Poliomyelitis— 
Third Report. Pp. 53. 2 Swiss francs 3+. 0.60 dollars. (Geneva: 
World Health Organization; London H.M. Stationery Office, 
1960.) [1711 
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Fondation Universitaire, Bruxelles. Increasing the Effectiveness 
of Western Science. Pp. iii +15. (Bruxelles: Fondation Universitaire, 
1960.) {1711 


Illinois Natural History Survey. Bulletin, Vol. 27, Article 5: Hook 
and-Line Catch in Fertilized and Unfertilized Ponds. Ky Donald F. 
Hansen, George W. Kennett, Robert J. Webb, and John M. Lewis 


Pp. ii+343-390. (Urbana, Ill.: Department of Registration and 
Education, Natural History Survey Division, 1960.) {1811 
Smithsonian Miscellaneous Collections, Vol. 139, No. 10: Water 


North America. 
Albert C. Dyer. 
Smith- 


East Coast of 
Johnson and 
(Washington, D.C.: 


Transparency Observations along the 
By Jerome Williams, E. R. Fennimore 
(Publication 4391.) Pp. 131+2 plates. 
sonian Institution, 1960.) {isi 

University of California Publications in Geological Sciences. Vol. 36, 
No. 5: Stratigraphy and Paleontology of the Permian Nosoni and 
Dekkas Formations (Bollibokka Group). By Alan H. Coogan. Pp 
243-316 (plates 22-27). 1.75 dollars. Vol. 38, No.1: Volcanic History 


of the Guatemalan Highlands. Ky Howel Williams. Pp. 1-86 (plates 
1-13). 2 dollars. (Berkeley and Los Angeles: University of ¢ ——_ 
Press; London: Cambridge University Press, 1960.) {1811 

Bulletin of the American Museum of Natural History. Vol. 120, 


Article 1: Late Paleozoic Sponge Faunas of the Texas Region. By 
Robert M. Finks. Pp. 1-160 +plates 1-50. (New York: American 
Museum of Natural History, 1960.) 5 dollars. {1811 


Department of 


Federation of Nigeria. Annual Report on the 
Federal 


Agricultural Research, 1958-1959. Pp. iii+43. (Lagos: 
1811 


Printer, 1960.) 9d. net. 
(The Royal Medical School in Stockholm.) 
{2111 


Karolinska Institutet. 
Pp. 102. (Stockholm : Almaqvis t and Wiksell, 1960.) 


French Atomic Energy Commission, 1945-1960. Pp. 73. (Paris 
French Atomic Energy Commission, 1960.) [2111 
Organization for European Economic Co-operation European 


Nuclear Energy Agency. Basic Assumptions for Nuclear Power 
Estimates in Europe. Pp. ii+30, (Paris: Organization for European 
Economic Co-operation, European Nuclear Energy Agency, 1960.)[2111 
Nuclear Fusion: Journal of Plasma Physics and Thermonuclear 
Fusion. Vol. 1, No. 1 (September, 1960). Pp. 68. Published quarterly. 
Annual subscription : 250 schillings ; 70s.; 10 dollars. Single issues 
75 schillings ; 21s.; 3 dollars. (Vienna: International Atomic Energy 


Agency, 1960.) (2111 
Institut Royal Météorologique de Belgique Observations lono- 
spheriques, Station de Dourbes. Mai, 1959. Pp. 26. Juin, 1959. Pp 


26. Contributions. No. 59: Sur les Connaissances Actuelles du 
Géomagnétisme. Par A. de Vuyst. Pp. 20. } Données Météoro 
logiques Concernant I’ Ensoleillement et l'Eclairage Naturel: Résum« 
des Travaux Exécutés a l'Institut Royal Météorologique de Relgique. 
Par R. Dogniaux. Pp.i+25. No. 61: Sur la Probabilité des Sécher 
esses a Uccle ( Kbelgique) et Son Influence dans la Répartition Statis atique 
de la Cote Udométrique. Par Dr. R. Sneyers. Pp. % o. 62: Les 
Variations de le Densité et du Transport de Chaleur p ir Conduction 
dans l'Atmosphére Supérieure. Par Dr. M. Nicolet. Pp. 44. Pubtica- 
tions, Serie A. No. 13: Les Anomalies de la Variatio a Séculaire du 
Champ Magnétique Te rrestre en Belgique de 1913 a 1957. Par Dr. L 
Koenigsfeld. Pp. 7. No. 14: Annuaire Climatologique pour 1959. 
Pp. 94. Publications, Serie B. No. 30: Le Calcul Tensoriel en Météoro- 
logie. Par Dr. Pierre Defrise. Pp. 32. (Bruxelles: Institut Royal 
Météorologique de Belgique, 1960.) {2111 
irchive for History of Exact Sciences. Vol. 1, No. 1. Pp. 106. Five 
numbers, individually priced, constitute a volume. (Berlin : Springe r- 
Verlag, 1960.) D.M. 19.60 2111 
Institut Royal des Sciences Naturelles de Belgique. en. 
Deuxiéme Série, Fasc. 59: Analyse Zoogéographique des Mammiféres 
de I'lran. Par Dr. Xavier Misonne. Pp. 157+3 planches. (Bruxelles 
Institut Royal des Sciences Naturelles de Belgique, 1960.) [: zit 
Comptes Rendus des Travaux du Laboratoire Carlesberg. Vol. 


No. 1: Some Characteristics of Growth in Normal and Synechronizec 
Populations of Tetrahymena pyriformis. By Kirsten Hamburger and 
Erik Zeuthen. Pp. 1-18. 2 kr. 50 ore. Vol. 32, No.2: Investigations 
on Maltose Utilization in Saccharomyces. 1 The Acquisition of 
Maltose Fermentative Ability by S. capensis. By C Robe rtsand J.P 
van der Walt. Pp. 19-34 +2 plates. 3 kr. 35 ore. Vol. 32, No.3: Some 


of the Properties of Purified Testicular Hy sluronidas By Robert 
Brunish and Bertil Hégberg. Pp. 35-48. 2 kr. 55 ere. Vol. 32, No. 4 
Interactions of Nucleus and Cytoplasm in Controlling Respiratory 
Patterns in Regenerating Stentor coeruleus. Ky Arthur H. Whiteley. 
Pp. 49-62. 2 kr. 15 ore. (Copenhague Danish Science Press, Ltd., 
1960.) {2211 

Government of Bombay. Health Report, Bombay 
State, 1956. Pp. vi+ 465. Book Depot, 
1959.) Rs. 3.70 nP.; 6s. 6d {2211 

Investment in Education: The Report of the Commission on Post- 
School Certificate and Higher Education in Nigeria. Part 1: General 
Report. Part 2: Special Reports ; Appendices. Pp. v +140. (Lagos 
Federal Government Printer; London: Crown Agents for Oversea 
Governments and Administrations, 1960.) 5s. net 2211 
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He’s out 
to prove 
something 


J 
Most of us, in our formative years had decided 
views that this gentleman never really deserved laurel leaves. 
However, he reached some very sound conclusions. 
We have a few theories also,about 
the installation and equipping of laboratories. 
If this is one of your problems, we may be able to help 


in getting that quart into a pint pot 


GRIFFIN & GEORGE 


The Laboratory Furnishers 


Griffin & George (Sales) Limited, Ealing Road, Alperton, Wembley, Middlesex. (PER 3344) 


A member of the Griffin and George group of Companies 


LONDON :- BRISTOL - BIRMINGHAM - MANCHESTER - NEWCASTLE-UPON-TYNE - GLASGOW 
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APPOINTMENTS VACANT 
UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Experi- 
nental Officer in the Department of Chemistry in 


AUSTRALIA 
COMMONWEALTH SCIENTIFIC AND 


INDUSTRIAL 


the Faculty of Science Candidates should pre- 
terably have experience of Quantitative work on the RESEARCH ORGANIZATION 
Physical properties of polymers minimum 
academic qualification is the Higher Nationa! Cer- 
tificate ; the person appointed would be required GEOMORPHOLOGIST (MALE) 
© assist in research work in polymer science, 
especially in connection with polymer characteriza- 
tion The post is at present temporary, but it ts 
hoped that @ permanent appointment will be avail- The Organization's Division of Land Research and Regional Survey, Canberra, A.C.T.. 
able later Salary range: £700 to £1,000 per invites applications for appointment as Geomorphologist from honours graduates in 
anoum: initial salary according to qualifications science (or equivalent qualifications) with special training and research experience in 
and experience, and a lower starting saiary could geomorphology 
be offered if the selected candidate had no pre- 
ous experience Duties to commence as soon as The appointee, who will participate as a member of a research team undertaking 
possible potentiality surveys of under-developed regions will be located at Canberra but spend a 
Applications should be sent not later than portion of each year in the field in New Guinea The studies of geology, geomorphology, 
March 7, 1961, to the Registrar, the University, pedology, botany, climatology are co-ordinated and the appointee will be expected to 
Manchester 13, from whom turther particulars and contribute to composite reports of the regions surveyed Extensive use of aerial 
rms of application may be obtained photographs and their interpretation forms an essential part of the work and experience 


im this 


is desirable 


Salary Dependent on qualifications and experience within the rane £A.1.510 & 
tA.2,265 r annum 
EAST AFRICA HIGH COMMISSION <siieaperes 
Promotion within C.S.1.R.O. is by merit and may ultimately go beyond the upper 
METEOROLOGISTS limit of the scale within which the original appointment is made 


FAST AFRICAN METEOROLOGICAL F 


DEPARTMENT 


ares paid Further particulars on conditions, etc., 


supphed 


Mr. E. J. Drake, Chief Screntific Liaison Officer, Australian Scientific Liaison Office. 
Africa House, Kingsway, London, W.C.2, 


on application to 


o whom applications (quoting Appointment No. 570/98), should be addressed by» 
this year a good honours degrce in mathe March 25, 1961 

matics and/or physics Experience in a 

Meteorological Service. especially in analysi 

and torecasting, useful but not essential 

Successful applicants with no previous ex- 

perience will be given training - 


Duties may include weather analysis and 

recasting (including research) ; consultative 
netcorological work related to agriculture 
hydrology. research into climatology 
imulation, cvaporation control; work 
field of geomagnetism or solar radia- 


Appointment: On contract for 
tour (30 to 4% months) the first in- 
with gratuity on satisfactory com- 
of service Salary ording to ex- 
in the scale £1,107 £1,863 per 
(An increase of approximately 25 
in these salar has been recom- 
and under urgent consideration) 
allowance Free passages Quarters 
available. house or hotel allow 
not pr jed Generous 
m available Taxa- 


Terms of 
ne in 
tance 

pletion 
perience 
um 
per cent 
vended 
at rental if 
ance if quarter 
leave Medical 
thon local rates 


acc 
to 
anr 


attent 
at 


Recruitment 
State full 
experience 


to Director of 
Office, London, S.W.1 
qualificat and 


Apply 
Colonal 
lame aec 


Quote BCD* 


ns 


UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Assist- 
wnt Lecturer in Biophys in the Faculty « 
Medicin © post s newly established and 
Tai ants should hav been trained in clectron 
microscopic techniques uties to commence June 
1. 1961 f as soon as possi thereafter Salary 
ma scale £800 to £950 per ember 
ship of FSS! and ¢ wance 
Schem 

Applications should be sent not later than March 
? 1961, to the Registrar, the University. Man- 
hester 13, from m further particulars and 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


(UNIVERSITY OF READING) 

Scientific Off with good honours degrce 

hemistry vw chemistry and with particu 
terest in lipid metabolism required to investueat 
the interrelationship between sterol and tatty acid 
netabolism 1 ani Appointment for thre« 
ears at salary mmensurate with age and ex 
perience within the scale £71 per annum to 
1.222 Facilities exist f registration for higher 

cerec 

Apply. naming two referees, to Secretary 
tut h in Dairying, Shin 


for Resear 
onl 


National Insti 
‘ be tin 


al 


NIMAL NUTRITIONIST 


SILCOCKS, OF LIVERPOOL, invite sppiications 


for a vacancy on their Research Staff for a first-class Ammal Nutritionist 
Applicants should be in the thirties, and must have a good academic and 
practical training in Animal Nutrition and experience in the rmulation 
rations tor farm livestock 
The successful applicant will be directly responsible to the Technical Director, 
ind will be required to 

Keep himself fully informed, through the study cl literature 
es and by personal contact with Research Centres, of the latest 


information on Animal Nutrition 


@ Assist in the preparation of diets for different classes of stock 
using the most recent knowledge of nutritional requirements 
Work with our Experimental Farms and Laboratories on the planni 


of feeding trials and the interpretation of results 
The starting salary will be a generous one in keeping with the applicant's 
qualifications and experience and the importance of the work involved The 
onditions of working and general facilities are excellent, and the post carries 
he benefits of the Company's excellent Pension Scheme 


PROMOTION 


This is a post of increasing responsibility and offers opp 


promotion to the right man 
APPLICATIONS 
Applications, which will be treated in strict confidence, 


to 


rtumues ot 


ynsiderable 


should be addressed 


Technical Director, R. Sileock & Sons Ltd., Stanley Hall, Edmund 


Street, Liverpool, 3. 
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McGILL UNIVERSITY 


BRACE EXPERIMENT STATION, 
BARBADOS, W.1. 


Applications are invited for the post of 
DEPUTY DIRECTOR, BRACE BEQUESI 
to supervise all activities at the Brace Ex- 
periment Station, Barbados. The appoint- 
ment has the academic status of senior lec- 
turer in a Commonwealth University and 
will be on contract for three years subject 
to extension. The salary range will be from 
£1,750 (sterling) per annum, depending upon 
qualifications, plus insurance scheme and 
assistance towards accommodation Free 
passages will be provided for the appointee 
and family at the beginning and termination 
of contract 


The Brace Bequest, with headquarters in 
Montreal, has recently been established to 
turther research and development in the 
fields of engineering and experimental agri- 
culture for eventual application in under- 
developed arid countries Initially the 
Deputy Director will be required to super- 
vise technical staff and postgraduate students 
developing and testing equipment for the 
conversion of salt water to fresh water and 
for water pumping, operated by either solar 
or wind = energy Desirable qualifications 
would include professional training in 
mechanical or chemical engineering, experi- 
ence in applying the principles of thermo- 
dynamics, heat and mass transfer, hydraulics 
and aerodynamics in the development of 
engineering equipment and a broad outlook 
towards the objectives of the Brace Bequest 
Academic experience in the guidance of 
postgraduate students would also be an ad- 
vantage 


Detailed applications, naming three 
referees, and accompanied by a recent 
Photograph should be submitted before 
April 1, 1961, to The Dean, Faculty of 
Engineering, McGill University, Montreal, 
Canada, from whom further particulars may 
be obtained 


NELSON RESEARCH LABORATORIES 


ENGLISH ELECTRIC 
STAFFORD 


MATHEMATICAL PHYSICIST 
APPLIED MATHEMATICIAN 


required to assist in the design of new types of particle accelerators. Experi 
ments involving the application of r.f. techniques to plasma physics. 


The applicant must be capable of deriving initial design parameters from 
basic theory, and should preferably have had experience of the designs of 
r.f. slow wave structures. The Laboratories are well equipped with advanced 
digital and analogue computing equipment. 


Salary according to age, qualifications and experience 


Please apply to Dept. G.P.S., English Electric House, Strand, London, 
W.C.2, quoting N.913.W. 


UNIVERSITY OF LONDON KING'S 
COLLEGE 

Applications are invited from those of British 
nationality for a Research Assistant in the Wheat- 
stone Laboratory for research on cathodolumin 
escence, scintillation properties, etc oft certain 
elementary crystals The appointment will norm 
ally be made tor at least three years The salary 
will depend upon qualifications and experience 
but will be initially in the range £800 to £1,000 
per annum, together with membership of the 
PSS. 

Applications (three copics). with a list 
grees, publications, ctc., and the names 
referees, should be sent not later than March 12 
1961, to Professor F. C. Champion, Department 
vf Physics, King’s College, Strand, W.C.2 


PHYSICISTS 
GOVERNMENT SERVICE 
A SCIENTIFIC CAREER 
SECOND TO NONE 


Following are examples of vacancies at SCIENTIFIC OFFICER (£738 to £1,222) or 
SENIOR SCIENTIFIC OFFICER (£1,342 to £1,654) level now availabic 

ROYAL AIRCRAFT ESTABLISHMENT, Farnborough, Hants—research on new 
methods of INERTIAL SPACE REFERENCE tor inertial navigation. aimed at 
achieving a significant advance over the current technique of flotation gyroscopes 

NATIONAL PHYSICAL LABORATORY, Teddington, Middicsex—work on static 
or dynamic propertics of HIGH POLYMER matcrials 

ADMIRALTY UNDERWATER WEAPONS ESTABLISHMENT, Portland, Dorset 

research in UNDERWATER NOISE and signal intensity measurements. Requires 
experience in ELECTRONICS, interest in ACOUSTICS, and some knowledge of 
digital analysis, vibration theory, or spectrum analysis 

ARMAMENT RESEARCH and DEVELOPMENT ESTABLISHMENT. Fort Hal- 
stead, Sevenoaks, Kent—basic investigations of OPTICAL SYSTEMS in INFRA-RED 
and PHOTOGRAPHIC OPTICS 

There are many other vacancies in PHYSICS, ENGINEERING and most other 
scientific disciplines. All posts carry a pension Good promotion prospects Full 
particulars from Civil Service Commission (Scientific Branch), 17 North Audley Street 
London, W.1! 


APPLICATIONS ARE INVITED FOR TWO 
temporary posts with the Co'onial Pesticides Re- 
search Unit, Porton, near Salisbury The success 
ful candidates would be required to assist in in- 
vestigations on the residual tonicity of insecticides 

mosquitoes by bioassay and by chemical 
alysis of residues Candidates should have at 
G.C.E. at advanced level in chemistry and 
biological subiccts Salary according to age, quali- 
fications and experience as Assistant Experimental 
Officer £458 to £983 or Experimental Officer £1,087 
to £1,336 Application forms are available trom 
Colonial Office, London, S.W.1, quoting reference 
59/02 


THE MOND NICKEL COMPANY LIMITED 


requires a young male or female 


ABSTRACTOR/TECHNICAL WRITER 


to assist in the preparation of publications covering metallurgical literature relevant to 
the Company's activities Ability to write concise, clear English is essential for the 
post, and a knowledge of German and French desirable 

Applications, giving full details, should be addressed to the General Manager 
Development and Research Department, The Mond Nickel Company Limited, Thames 
House, Millbank, London, S W.1 Mark envelope ** Confidential M.10 
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SCHWEPPES (HOME) 
RESEARCH LABORATORIES 


BAKELITE LIMITED 


require a 


TYSELEY, BIRMINGHAM BIOCHEMIST 
with experience in HISTOLOGY 


as a senior member of a recently estab- 


require a lished fundamental! research team working 


on fruits and vegetables 
Applicants should preferably be in the 
T PHYSICIST age range 30 to 35. Post-graduate research 
experience is required and knowledge of 
plant physiology would be an advantage. 


Apply tothe Research Director, 
Schweppes Ltd., 2 Connaught Place, W.2 


with some industrial experience to take charge 
‘ i ‘ in the Physics 
of an experimental laboratory in the ysi PLANNING FOR 


and Physical Chemistry Section of their 
Research and Development Department. ELECTRICITY EXPANSION 
The demand for electricity is doubling 
approximately every ten years. To plan 
for this expansion needs continuous study 
of the long term availability and use of 
This is a good opportunity to develop a resources for generation. 
responsible position and a progressive career in ENGINEERS ECONOMISTS 
applied physics with a leading manufacturer of PHYSICISTS = MATHEMATICIANS 


plastics materials. are invited to apply for appointments in the 


Development Section (Policy) of the Pian- 
ning Department at the Central Electricity 
Generating Board's Headquarters in Lon- 
don, S_E.1. 


A booklet describing the work of the The Section advises on certain technical 
and economic problems arising from the 
Department may be had on request and continuous growth of the industry, calling 
applications should be addressed to the on the assistance of specialists in other 
Departments as necessary Subjects at 

present under study include the longer term 
aspects of national energy resources, fuel 
supplies and transport, clean air, clean 
rivers, availability of water, nuclear and 


RESEARCH & DEVELOPMENT convenuona!l gencration developments. 
App! ave rrienc 


of the above ficids of study They should 
preferably hold a University degree or its 


BAKELITE LIMITED 
professional! institution 


Salaries on scales within the range £1,165 


Redfern Road, Tyseley to £1,890 per annum, according to duties 


and responsibilities 


Applications marked ** Confidential ” and 
BIRMINGHAM 11 quoting Ref. No. N /54 should be addressed 
to: Appointments Officer, Central Electri- 
city Generating Board, 24/30 Holborn, 
London, E.C.1, to arrive not later than 
March 13. 


UNIVERSITY OF ST. ANDREWS 
Applications are invited for an Assistantship in 

Biochemistry in the Department of Physiology and 

Biochemistry, Queen's College, Dundec, commenc- 

SZ ing October 1. 1961 Salary scale: £800 by £50 

to £950. PSS family allowance 

“SHELL” RESEARCH LIMITED Further particulars from the undernoted. with 

whom applications (six copies), containing the 

names of three referees, should be lodged not 


RESEARCH CHEMIST ATRICK CUMMING, 


in their Formulation Division at Joint Clerk to the University Court 


WOODSTOCK AGRICULTURAL RESEARCH CENTRE 
wear Sittingbourne, Keat. Board have a vacancy for a male or female Scien- 
Applicants, preferably aged 21 to 35, should possess a good honours degree in tific Officer in the Blood Transfusion Service. An 
chemistry ; postgraduate experience in surface or colloid chemistry would be an advan- honours degree in science, pharmacy or biology 
tage but is not essential. Work will entail surface chemistry problems involved in the s essential. Duties will consist of technical work 
improvement of the biological activity and applicational properties of insecticides and in the blood Transfusion Service Laboratories 
herbicides Salary £730 by £30 (3) wo £820 by £35 G3) two £92* 
sta stauran aio me during a probationary period, normally of thre« 
years, then it is £925 by £35 (2) to £995 by £40 (> 
— . to £1,115 by £35 to £1,150 
Applications, stating age, qualifications, previous 
experience (if any). and the names of two referees 
St. Helen's Court, should be sent immediately to the Dvrector. Blood 
Londoa, E.C.3. Transfusion Service, Roby Street, Manchester, 1 
from whom further particulars may be obPtaincd 
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COMPANIES 
MINERAL DRESSING AND 
EXTRACTION METALLURGY 


RESEARCH GRADUATE 


Graduate, preferably with several years’ 
experience, required for research project 
on the beneficiation of iron ores and other 
nunerals used by the iron and steel industry 
Research includes both fundamental and 
Process studies on the sintering of iron ores 
Applicants should have qualified in mineral 
dressing, process metallurgy, physical chem- 
istry, or chemical engineering The com- 
mencing salary offered will be in the range 
of £1,100 to £1,000 per annum, depending 
on experience The post is a long-term one 
and carries superannuation The company 
is prepared to assist with housing 

Applications should be addressed to: 

The Assistant Director of Research, 
The United Steel Companies Led., 
Swinden Laboratories 

Moorgate, Rotherham. 


THE BRITISH OXYGEN COMPANY 
LIMITED 
SCIENTIFIC DIVISION 
require a 
PHYSICIST 


for work on combustion and flow problems 
including the entrainment of powders. 
This is a vacancy for a Physicist with a 
first- or second-class honours degree and 
applicants are invited to write to 


The Administration Manager. 
The British Oxygen Company Limited 
Scientific Division, 
Deer Park Road, London. S.'W.19 


— MULLARD RESEARCH 
LABORATORIES 


Systems Division 


POSTGRADUATES in PHYSICS and 
ELECTRICAL ENGINEERING 


Applications are iavited from men with postgraduate experience, Ph.D 
or M.Sc. and under 31 years of age, to join expanding teams engaged in: 


PARAMETRIC AND TUNNEL DIODE TECHNIQUES in the 
microwave region, including theoretical and experimental 
investigations. 


NUCLEAR MAGNETIC RESONANCE TECHNIQUES in- 
cluding work on the provision of high stability magnetic fields and 
research on N.M.R. spectrometry and electronics. 


Applications, quoting ref.: RMG, to: 


Mr. G. A. Taylor, 

Mullard Research Laboratories, 
Cross Oak Lane, 

Salfords, 

Near Redhill, Surrey. 


UNIVERSITY OF BIRMINGHAM 
FACULTY OF MEDICINE 
DEPARTMENT OF ANATOMY 
(Professor: Sir Solly Zuckerman, C.B., F.R.S.) 

Applications are invited for research fellowships 
and studentships from persons who wish to study 
the reproductive physiology of primates Those 
appointed will be expected to contribute to the 
scientific understanding of this subject, which 
allows of a wide choice of topics. New labora- 
tories, capable of housing over 200 monkeys, have 
just been completed and there will be ample pro- 
vision for research expenses and technical services 
There are two types of appointment: (1) Research 
Studentsh ps These are intended for recent 
graduates, or those who will graduate in summer, 
1961, who wish to study the physiology of repro 
duction, and receive research training which would 
lead to a Ph.D. deeree. (2) Research Fellowships 
These are post-doctoral fellowships, and applicants 
should be experienced and capable of independent 
research The appointments will initially be for 
periods of up to three years, and salaries will be 
according to University Scales. plus F.S.S.U. bene 
fas where appropriate Applicants for student- 
ships should provide the names of two referees 
and a statement of the branch of the subject in 
which they are interested Applicants for fellow- 
ships should also provide details of their previous 
appointments and scientific work 

Applications should be sent, before March 31 
to the Assistant Registrar, the Medical School, 
Birmingham, 15 


SENIOR SCIENTISTS 
SMITH & NEPHEW RESEARCH LIMITED 


This Company have vacancies for a Physical Chemist and a Physicist to further 
expanding research programmes. 

Interested applicants should have preferably first-class honours in their primary 
degree and academic or industrial research experience A postgraduate qualification 
would be an advantage 


PHYSICAL CHEMIST 
A section containing graduate personnel is already in being and the successful 
candidate will be expected to lead this team in research in a new field of macro- 
molecular chemistry 


PHYSICIST 
The rheology of high polymers will be the first ficid of investigation and experience 
and interest in propertics of matter is required 
This is to be a new department of the Research Company and in duc course the 
successful candidate would expect to lead a small team of Physicists 


Both these positions present opportunities to energectic men with an enthusiastic 
approach to fundamental problems. Likely candidates will be carning at least £1,200 
per annum and will probably not be over 32 years of age 

This Company has a Contributory Pension Scheme and conditions of service are in 
conformity with modern practice The Laboratories are situated in East Hertfordshire, 
28 miles north of London Applications, with details of qualifications, experience and 
age to: Research Manager (Administration), Smith & Nephew Research Ltd., Hunsdon 
Laboratories) Ware, Herts 


TWO LECTURERS OR ASSISTANT LEC- 
turers (a) one with experience and interest in 
experimental techniques and, if possible, clec 
tronics : (b) one with bias towards theoretical work, 
particularly in conjunction with digital computers 
required in Sub-department of Acronautical Struc- 
tures. Salary scales: Lecturer, £1,050 by £50 to 
£1.400 by £75 to £1,550 (bar) by £75 to £1,850 
Assistant Lecturer. £800 by £50 to £950, both plus 
£60 London allowarce and tamily allowances 
Apply Professor of Aeronautical Structures 
Imperial College of Science and Technology 
London, S.W.7 


ANIMAL NUTRITIONIST 


Age: 25 to 32. Salary: By negotiation but probably between £900 and 
£1,400. 
QUALIFICATIONS: Degree in Biochemistry or Agricultural Science or 
related subjects. Experience in animal nutrition work, formulation of rations, 
etc., or desire to acquire such experience. 
DUTIES: Maintenance of existing information files by continuous review of 
nutrition research publications, etc. Planning and supervision of feeding 
trials. Liaison with universities, research stations, etc 
The post will be based on London and will involve a ceriain amount of 
travel in the U.K. and Europe 
Applicants should send full details of education and experience in strict confidence to 
Nutritional Adviser and Manager, 
NATIONAL CHEMICAL PRODUCTS LIMITED, 
European Sales and Advisory Office, 
172/3 Tottenham Court Road, London, W.1. 
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> 
ALVE COMPANY LIMITED } 
and Development 
> 
The Company has considerable effort engaged on research and develop- : 
ment into very low noise microwave tubes. 
Physicists and engineers are required to assist in this programme and 
whilst we would prefer graduates with experience in this field of activity 
we would be pleased to hear from graduates with good honours degrees 
backed up with industrial experience in light electrical or electronic 
companies. 
Employment would be at the Company's Works in Chelmsford, Essex. j 
> 
Inquiries should be addressed to: Group Personnel Services, English > 
Electric House, Strand, London, W.C.2, quoting reference N1S506Q § 
4 
4 
BPP PPP PPP PPP PPP 
UNIVERSITY OF MANCHESTER 
Applications are invited for the post of Lecturer 
w Assistant Lecturer in Anatomy with a special 
mterest in’ Experimental Neurology candidates | BOOK EDI I OR 
hould be medically qualified (with qualifications | 
registrable in this country), and should possess a : 
good knowledge of neuro-anatomy Good re- | McGraw-Hill Publishing Company requires 
search facilities are available. Salary scales: Lec- a book editor for a scientific and technical 
turer, £1,500 to £2,275 ; Assistant Lecturer, £1,000 | ns : 
to £1,400. Membership of F.S.S.U. and Children’s | publishing programme Applicants must 
Allowance Scheme initial salary according to | have an appropriate educational background 
qualifications and experience Duties to commence | (preferably a good University degree) and 
as SOON as possible 
Applications should be sent not later than | a wide professional experience 
March 11, 1961, to the Registrar, the University 
Manchester 13, from whom further particulars The successful applicant will be required 
and forms of application may be obtained. Over to initiate new ideas and work closely with 
seas applicants should send letters of application 
in the first instance, giving full details of qualifi- authors in the development of text and 
ations and experience and should submit the reference books This is a responsible, pro- 
names of at least three persons to whom reference gressive position, with a contributory pen- 
nay be made 
sion scheme for a man between 30 and 45 
OCEANOGR APHERS: MINISTRY OF AGRI- 
ture, Fisheries and Food Three pensionable 
posts at Fisheries Laboratory, Lowestoft, for men 
ss (a) Senior Scientific Officer or (b) Scientific Please write, giving age, education, and 
Officer, for research in physical and chemical experience to the Gencral Manager 
ceanography, including the interaction between McGraw-Hill Publishing Co Ltd 9s 
atmosphere and occan estuarine circulations 
ptics of sea water, and trace elements and organic Farringdon Street, London, E.C.4 All 
ibstances affecting phytoplankton. Well-cquipped applications will be treated in strict confi- 
research vessels for work at sea Ace limits (on sence 
December 31, 1961): (a) at least 26 and under —s 
42, (b) at least 21 and under 29. Extension for 
iar Forces service and Overseas Civil Service 
Qualifications: normally a degree, or Dip.Tech., 
with first- of second-class honours in physics UNIVERSITY OF GLASGOW 
rathematics or chemistry or equivalent attain- 
ment: additionally. for (a). at least three years A Bi chemist is required for the Wellcome 
aanmeadueen oi m Finel year students may Laboratory, situated at the Veterinary Hospital 
hey Salary: £800 to £950 per annum 
upply for (b) Previous training in oceanography 2 
' 249 Applications (three copies), should be lodged. 
not essentia Salary on (interim) scales £1,342 to t lat t M h 10. 1961. with the Secretary 
¢1.654 or £738 to £1,222. Starting salary may be yor . 


hove minimum in either case Write Civil Ser of the University Court, the University, Glasgow, 
Commission, 17 North Audley Street, London Ww 


for application form, quoting §/§2-S3/61 ROBT. T. HUTCHESON, 


Secretary of University Court 


| 

POSTDOCTORAL FELLOWSHIP APPLI 
ations are invited for a postdoctoral fellowship | TECHNICIAN, SENIOR, REQUIRED BY 
mn the chemistry of thioaromatic compounds in | Zoology Department, University College London 
acid solutions The research will involve organic | (Gower Street, W-C.1), to assist in research of 
hemistry and electron spin resonance spectro- | Professor P. B. Medawar and his group on trans- 
py To begin June, 1961, if possible Stipend plantations. Previous experience in this fick? not 
$6,000 for twel months.—Write to Professor | essential. G.C.E. (* A) level in either biology 


as Technological College | vw zoology desirable Application forms trom 


H J Shine Te 
| Secretary, quoting Zoology/! 


x 
Lubbock, Texas, U.S 


February 25, 1961 


COLLEGE OF ADVANCED 
TECHNOLOGY 
BIRMINGHAM 
Principal: P. F. R. Venabies, Ph.D., B.Sc., 


F.R 
HEADSHIP 


of the 
DEPARTMENT OF PHYSICS 

Applications are invited from highly qualified 
experienced persons for the Headship of this 
important Department which, as with the other 
departments in the College, is in a period of rapid 
development, both at undergraduate and post- 
graduate level, including posteraduate courses and 
research Relevant industrial, research and /or 
professional experience is essential; full-time 
part-time teaching experience is desirable. Duties 
to commence as soon as possible Salary Scale 
for a Grade VI Headship is as follows: (Men) 
£2.250 by £50 to £2,500 

Further particulars and forms ef application 
from the Bursar, College of Advanced Technology, 
Gosta Green, Birmingham 4 Closing date 
within cighteen days after the appearance of this 


rdvertisement 
K. R. PILLING, 
Clerk to the Governors 


SOUTH-WEST ESSEX TECHNICAL 
COLLEGE AND SCHOOL OF ART 
FOREST ROAD, WALTHAMSTOW, E.17 
Senior Lecturer in Physics required May |! 
1961, or as soon as possible thereafter Appli- 
cants should have an honours degree and suitable 
teaching and research experience. Higher deerces 
and specialization in Modern Atomic Physics are 
additional recommendations The person ap- 
pointed will take a major part in teaching B.Sc 
General (New Regulations) and Grad.Inst.P 
Courses and will be encouraged to undertake re- 
search for which considerable tacilities are avail- 
able Salary within scale £1,550 to £1,750 per 

annum, plus £38 or £51 London Allowance 

App'y by letter only (no forms) to the Clerk to 
the Governors, giving details of qualifications 
training and experience, together with three recent 
testimonials or the names and addresses of three 
referees 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
Campden Hill Road, W.8 
Applications are invited for the following posts 

vacant October. 1961 
Lecturer and Assistant Lecturer in Botany 
Assistant Lecturer in Chemistry Assistant Lec- 
turer in Household Science ; Assistant Lecturer in 
Physio'ogy Assistant Lecturer in Zoolovy 
Further particulars from the Secretary, to whom 
applications should be sent by March 11 


RESEARCH WORKER, BIOCHEMIST OR 
chemical pharmacologist, preferabiy with Ph.D 
or equivalent experience required to investigate 
he biochemical actions of drugs currently used in 
he treatment of mental illness. Spectrophotofluor:- 
metric methods of analysis will be employed The 
work will be carried out in conjunction with 
linical studies on therapeutic action. Three-year 
appointment, commencing salary £850 to fl 100 
depending on qualifications and experience Ap- 
plications, with names of two referees, to Director 
f Clinical Research, Crichton Royal, Dumfries, 

mm whom further details may be obtained 


D.S.1L.R.. LABORATORY OF GOVERN- 
ment Chemist, London, requires physical, organic 
und inorganic chemists for work on al! aspects of 
modern analytical chemistry as Scientific Officers 
x Senior Scientific Officers. Teams are investigat- 
ine: determination of traces of pesticide residues ; 
detection of toxic gases in industry; gencral 
weanic and inorganic analyses in wide range of 
applied =problems covering food, drugs, water 
minerals and rocks, synthetic materials, etc 
and also perform radio chemical analyses 
surface waters, public supply waters, herbaec, etc 
Candidates would work in one of these fields and 
should be capable of dealing with ad hoc prob 
lems as they arise Work also in provress on 
separations by paper and gas chromatoeraphic and 
joa exchange techniques. solvent extraction etc 
prior to specific analysis Laboratory instrumenta 
ton includes polarography. infra-red spectrometry 
emission spectrography and X-ray diffraction and 
fluorescence spectrometry Qualifications: first- or 
second-class honours degree in chemistry or 
equivalent Salary (men): Scientific Officer, £759 
to £1.258, Senior Scientific Officer (minimum age 
26 and at least three years posteraduate experi- 
ence), £1,382 to £1,704.--Forms from Ministry of 
Labour, Technical and Scientific Register (K), 26 
King Street, London S.W.1, quoting reference 
F.649 OA 
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BRITISH COLUMBIA RESEARCH 
COUNCHI 
BIOLOGICAL ENGINEER 

The British ¢ Research 
applications for an rent 
Engineer There 
Biology and Bacter 
Chemistry or ¢ 


umbig 


Appl 
Vancou ina 


UNIVERSITY OF BRITISH 


COLUMBIA 
PHYSICS 
Applications are invited f 
teaching 
graduate te 
Session commencing 
are spec 
level 
Low En 
cations 
sidered 
Further informat 
brochure describ 
the Department may 
G. M. Shrum, Hea 
University of British Colu a Van 
B.C Professor Shrum expects to be in London 
from March 16 to 25 and will t pleased to 
arranee personal interviews Inquiries should be 
directed to B.C. House, 1 Lower Regent Steet 
London, S.\W.1 


r appoir 
and research staff as wel 
ywships and = scholarship 


September 


UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
LECTURER IN INORGANIC AND PHYSICAI 

CHEMISTRY 
are invited for the mentioned 
uld hold ¢ r deer 
Dut 


under 


Applications 
post 
with spe alization 
will comprise taking part in th hing of 
graduate ISSCS 1 ne the Head 
of the Department 
the developing 
Chemistry. ¢ 
in a rd 
within th 
plus a 
moment 
assistance 


be pro 


indidates 


informat 


n sh 
tv of New Ene 
Straha, 


LABORATORY TECHNICIAN 
Required by East African Trypanosomiasis Re- 
zation. mmij 
wt 
prohati 


Inducemen 
Outfit allowance 3 ree pa I 
leave on ful allowances 
likely to introduce t Candidates, be 
tween 21 AIMLJ1 
adequate expericnce | pathology labora- 
tory ; experience istry an advan- 
tage. Wom 

Apply to Cr 
S.W.1, tor app n 
lars, stating age, name. brief 
tions and experience and quoting 
52927 NP 


nd further 
detatls 


referen 


| Officers 
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ENGLISH ELECTRIC VALVE 
COMPANY LIMITED 


SEMI-CONDUCTOR 
DIVISION 


preferably an 
required t a team 
devices 
devel- 
products 


applica- 


Write in the first i 
Eng 
W 


sonnel Services, 
Strand, L 


ndon, 
N15S06N 


LONDON HOSPITAL 
COLLEGE 
(UNIVERSITY OF LONDON) 
RESEARCH ON WOUND HEALING 
from non-medical or 
h Assist- 
electron 
salary 
innum, de 
experience, together 
S.S.1 or N.H.S 
three years in the 


MEDICAI 


invited 
r the post of R 


ealing by light 


ms are 
Juates f sear 
and 
’ provided) Initial 
£1,000 to £1,500 per 
fications and 
tion under Ff 
tor 


names of three re 
Anatomy 
cal 


en days 


ferees, 
Department 
lege, Turner 


SIR JOHN ( 
JEWRY STREET 
HEAD 
The G 


ASS COLLEGE 
LONDON, E.C3 
OF DEPARTMENT OF PHYSICS 
f ndatic 


d 
Gr 


CENTRAL ELECTRICITY 
GENERATING BOARD 


BIOLOGIST 


required at the Research Lal 
Leatherhead, Surrey, to lead a Group in- 
vestigating marine ccology around coastal 
power stations An nt part of th 
work will be to establish the relationship 
between the hydrography and the biology of 
the watcr 


mport 


Candidates should have a first 
class honours deerce 

higher qualification 
n this type of work They should be pre 
pared to spend a substantial part of their 
on ficld work. Supporung 
already available 


pretcrabiy ZOO'ORY 


and some experience 


staff is 


Salary will be fully ¢ rate 

ialifications, ability and experier 
will be within the range t1 
annum 


MNIMCNSt 


4000 to £2 


Applications, stating quali 
ence. present p t and 
ntments Officer, 24 
March 13 
marked Confidentiz 


necessary 
of the t € 
the scak £1,800 by 
yn Allowance of £38 or 
r particulars and forms of 
ved from the Secretary 


GEOPHYSICIST 


with a th te year 


application may 


and «to travel 
and its d 
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r (Head Of 
f South Africa. Lin 
rg. S haA 


UNIVERSITY OF MANCHESTER 
App tions a following posts 
yw vacar n epartmer f Chemistry in 
the Faculty of ? rer ia Chemistry : 
indidate hould | c I interest in statistical 
h this sub- 
dent (b) 


UNIVERSITY OF 


PROFESSOR OF ANIMAL HUSBANDRY 


c ns ar 


tA.4 


th 


th 


British 
London 
ind | 


App 
Apri! 1‘ 


ms ciose, 


1961 


ynd yn 


QUFENSLAND 


nvited for the above-mention 


d ta h ve nee in 


Square 
Australia 


tes should 
nch of physical 
Assistant: candi- 
polymer science 
1 the super- 
Students research on the 
hemistry the post a 
finance 1 DSLR 
iepartment 

nent 
£1,850 


ssor G 


int fron 


posts 
per 
qualifications 
£950 per annum 
Mem- 
Allowance 


£1,050 to 
ry 4 to 
£800 


ations should be sent not r than March 


VETERINARY OFFICERS 
Officers Assistant Veterinary Investigat 
Ministry of Agriculture, Fisheries 
Food Pensionable t we 
azed at least 23 
ind «postgraduate ence desirable 
for Research Officers in virology 
and biochemistry National salary 
23) wo £1,269 (at 32 or over) rising 
£1,420, then to £1 8 Promotion prospects 
Write Civil Service Commission 
Gardens, London, W.1, for 
quoting 130-173-265 
advised. 


exper 
vacancies 
£926 (at 


Burling 
application 
Early 


RESEARCH hester 
m | forms 
wen 


application 


7, 1961, to the Registrar sity, Man- 
13, from whom rt " ulars and 
f app ation may he 


ATE AP 
September 

20 for funda- 
Ph.D. dearec 
month vaca 


NUCLEAR CHEMISTRY GRADI 
Pointments open ng July r 
961, at stipends from $1.920 to $2 
mentai work toward MS 
Iwelve-month appointmen h one 
tion Excellent equipment fo arch on neutron 
nduced nuclear reactions and iy schemes of 

| radioactive nuclei using 400 KV. Cockcroft-Walton 
ion accelerator.—-Write Department of Chem 
istry, University of Arkansas, Fayetteville, Ark 
US.A 


bh nr 
ce 


a 
é te 
ry 
ay 
Pal 
a 
oF 
| 
* 
| 
be desirable for the position in Biological Engin- 
ecring The work w te th tudy of water lw 
quality, the desig systems fo e treatr 
ndustrial wastes, and the preparat f technical | | first 
| ir 
reports The British Research Council | | Applications, including 
a non-profit applied research org tron ¢stab- | Young graduate, | to Professor R. J. Harris 
shed att University British I honours deere The London Hospital N 
with the same p and engaged on germa ; 
eae at the University Th terested should write The sphere of activ } bd 
and research fa ties ft 
Applicants should submit full information re- | high reliability in a varicty of | 
garding tranin x » Dr. P. C tion <a 
post of Head of the De- 
‘<r Research C ' Preferen W be given to applicants partment Physics which will become vacant on An 
with pres experience of scm Ser ber 1. 1 the rcurement of Mr. R. H a 
time courses for the B.Sc. (Special) Physics and 
tance to Group P the B Sc.(General) Internal degrees of the Univer 
sity of London, together with research for higher | 
sh Electric House ! s and posteraduat rses on special topics 
Brae 2, quoting reference torm the ma part of the work of the oo 64 
Struc are also prepared for the adu- 
teship examination of the Institute of Physics 
ccor 
| Londo 
| 
th 
Furth 
4 e obta 
red tor work S thern Afr Hie must 
cA coe | | be a graduate of honours status or better, and a 
| ynversan with a the sual geophysical tech- 
— | niques and field pract is applicd to minera 
[Te | prospecting. He will initially be based in Johannes a 
burg nay be required to transfer elsewhere 
tior pervision of field work and interpre 
Lie tation of results The mr ument will be on a 
hoo | ntract basis for a period to be mutually aerced te 
and may tx wertuble to a per ney. Mem 
| bership of pension and medical aid hemes 
| 
yuls Fares both wavs payable if three years 
ser mpileted i rdance with 
with jualifications and experienc 
and be sent t The Personne 
per | Of gio An an’ Corpora 
to ted, Box 4587, Johanne 
| 
about the position may be obtained | I clopes 
application to Professor Stokes. The appointee | sh al 
should, if possible. be prepared to take up ap- | N/71 
is pointment by 1 1-194] | 
= Applications fron indidates tsidd Australia | Ah 
f the British Commonwealth, 36 Gordon Square, | 
yndor Ww by Apr 1961 ands they 
should provide details of qualifications and exper | it 
= ence, marita! status, a recent photograph and the position within ¢ Faculty ene ry Scicr . 
© eu names of thr terces An additional py of | Applicants should hold a higher degree preterably | vision a 
pplicat forwarded to the Registrar, | Doctorate and have carried out research in th 
Sinivers "New Swath | of Animal Husbandry. The salary for the | temporar 
Wales ich him by the sam jate t w be (= p n he 
essful applicant will enjoy the privileges of st “ fler 
| leave, travel grants, superannuation and other | Salary ran 
Si benefits available to the academic staff innum, imitial oan 
Further information may be obtained from mec | and experience 
- 
1 eS Secretary Association of Universities of mc | Duties to commence as al 
Commonwealth, 36 Gordon |hershin of F.SS.U, and 
lishment ract wit tuit t rat 
per nt total wy draw Commencing |= — 
i 
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| 
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QUEEN’S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


DEPARTMENT OF PHYSICS 
ASSIS T AN T PHYSICIS t Applications are invited from experimental and 
theoretica physicists for two positions from 


September 1, 1961, in the Department of Physics. 
An attractive post with good prospects exists for a young Assistant Technical Officer Staff is being increased to [5 full-trme members 
(Physicist) in the Research and Development Department of Imperial Chemica! Industries New appointments normally become permanent 
Limited. Stevenston, Ayrshire He will work on the evaluation and testing of the large after two years. Duties will be primarily teaching 
established range of silicone products including rubbers and resins and on experimental undergraduate and graduate students, but funda- 
silicone products The successful candidate will be in charge of a team mental rescarch is expected and encouraged 
Present research programme includes experimentai 
and theoretical atomic anc clear physics, solid 
State physics. and radio noms New physics 
building has been approvec r | constructed 
the immediate ! ala rank will 
The Company perates a five-day week, a contributory Staff Pension Fund and a f t h d include a 
Profit-sharing cheme t r aching <« research experience 
te 

Applications, giving age, qualifications and previous experience, should be sent to the cturer or stant ' isle cu = 

Staff Manager, salary range $6,600 to $8,500 per annum 
Imperial Chemical Industries Limited, Applications and inquiries should be addressed 

Nobel Division, to the head of the department 


460 Sauchiehall Street, Glasgow, C.2. COLLEGE OF AERONAUTICS 


Wide experience of classical physics is needed and preferably the candidate should 
have some specialization in. electronics The rrinimum qualification, in addition to 
experience, is the Higher National Certificate or its equivalent The right man will 
have good prospects of promotion to Technical Officer status 


Applications are invited post of Research 
Physicist in the Dep nent of Materials 
duct research into the fundamenta! mech 


GOVERNMENT OF THE BRADFORD INSTITUTE OF 
FEDERATION OF RHODESIA TECHNOLOGY dates should have yod background in metal 


> ion physics or in metalh and erience of X-ray 
AND NYAS Al AND Applications are invited for the post of Senior Sinseine er : : hniques 
ENTOMOLOGIST turer if Mathematics Candidates should ld 
" ssess the qualifications and experience to teach 
MINISTRY OF AGRICt science lities will be given to under- experience ret 
Bost oF ta uitable assistance and equip- under F.S 
Clalist encouraged to develop nt will be m ally for three yea 
dustrial yt n » undertake consultant 
rk in industry ar ay retain fees paid for such 
Salary 550 t . S50 per annum 
rescar experience at a 
taken into account in fixing 
salary 


irtuiculars and forms of application may l ONDON ¢ Ol N l y rf OUNC ll 


d f 


culars 
ce should 
addressed to lege of Acro- 
The succe nautics, Cranfi 
lertake, accor the de 
< work « n ad regu 
nature in economic entomology 
for of | come ot Te SCIENTIFIC BRANCH 
with a view to deter ' . ‘HENRY PATTEN SCIENTIFIC OFFICER required for County Hall 
contro Salary will be Clerk to the Governors. | @boratory and ASSISTANT EXPERIMENTAL 
Men, £735 by £105 to ° OFFICER for Northern Outfall works, Beckto 
312 10s. by £52 10s. to , - 6 duties ‘ounty Hal! involve research 
Women, £661.10, by | FACULTY OF MATHEMATICS trot and development in a wide held, and 
to £1,029 by £52 10s ) NIVERSITY OF CAMBRIDGE outfall laboratory assistance ir r2emical contro! of 
Passages are provided for ’ ¢ J for a Lectureship and | new plant and associat 
lies to the Federation, and | at s nt ! nip in Pure Mathematics, to Salaries 
nclude security, g00d pensions, gener- | take office of ctob 1, 1961, or as soon as Scientific OF < £1.250. according 
leave, vacation and occasional leave, | possible thereafter > appointments will be for = we 
grants towards holiday travel, low | three years in the first instance, with the possi opportunities (n d . » upon vacancy) 
bility, for a Lecturer, of re-appointment to the for suitabl r ability to 
forms and further details from the | retiring age, and, for an Assistant Lecturer. of pod or entif £1.500) 
Rhodesia House, 429 Strand re-appointment for two years The pensionabk Asslesaut I xper mental Officer Within 
Closing date: March 11, 1961 stipend of a Lecturer is £1,250 a year, rising by - £400 to 


range 
nnt sO t 
annual £50 to £1,400 a year, and experience 


BIOCHEMICAL RESEARCH thence by ann of £15 oficer want hold an honows 


" meer , | year. The pensionable stipend of an Assistant - 
The Pharmaceuticals Division of Imperial | | ecturer is £900 a year, rising by annual incre- | iN chemistry or equivalent, assistant experimental 
officer a higher school certificate, including chem- 


Chemical Industries Limited is expanding its if £50 to £1.150 a year 
' istry or G.C.E. in five subjects including chem- 


! amental research on the biochemical basis of Applications should include a statement of the 
physiological and path gical processes, and on istry and one other scientific subject at advanced 
le vel 


th fe of tion ad tabol fat f dr candidate's published work and the names of two 
mo ’ a ar meta ate 
referees, and should reach Dr. F. G. Friedlander 
1 4 u et impr e treatment K : dise asc Secretary of the Appointments Committee of the Apply Medical Officer of Health (D1/N/460/2), 
wit new drug f ylogica r synthetic rigir Faculty of Mathematics. Arts Schoo Bene’t | County Ha S.E.1 


by advancing our fundamental understanding of | Sureet, Cambridet, aot later than March 22. 1961. | oF SOUTHAMPTON 


the disease process and publication of all worth- 
while discoveries ncouraged. The modern, well > > 
cauipped lborstories are situated in rural Cacsnre | UNIVERSITY OF SOUTHAMPTON | ,,,,.,DEPARTMENT OF PHYSICS 
seventeen miles south of Manchester and provide Research Assistant (Biologist or Chemist) re- sh parti te physi 
ties for close laboration with chemical quired to assist in research on the tank culture of tion to ana ra the Jeve ypme nt of ‘Cherenkov 
pathological, and microbiological | bivalve shellfish at Poole, Dorset; the project 
Biochemists interested in working in | under the supervision of the Professor of Zoology ligitize visual inf nonin ey The programme 
mportant anc expanding ficld are in University of Southampton Salary in the region f xperim natal w ork with 
ply, giving brief details of their back f £500 per annum s GeV. proton synchrotron and it is desirable 
experience Particulars may be obtained from the Secretary persons appointed should be interested in partici- 
pating later in that work Appointments will be 
for two years in the first instance, at salaries in the 
region of £900, or higher according to qualifica- 


urther 
btaine 


to qualifications and rience. Promotion 


to £750 according to age and 


Manager, LCI. Ltd. Pharmaceuticals | and Registrar, the University, Southampton, to 

iishaw Hall, Wilmslow, Cheshire whom applications, giving the names of two 

particularly desire inquiries from those ferees should be sent not later than March 11, 


ha enc h to 1961 tions F.S.S.U_ pension scheme Candidates 
p cir own ideas as team leaders ut some AMENDED ADVERTISEMENT should have at least three years research experi- 


f posts are suitable for graduates in biochem 


or chemistry be ning their research carecr 


BRITISH CERAMIC RESEARCH | ence 
ation has vacancies for Graduate Chemists Applications, giving names of tw referees, to be 
ratories < er r Physicists to work in the Pottery Section of the sent to Professor € Hutchinson, the Univer- 
Associati ere is also a vacancy for an | sity, Southampton fore April 15, 1961 
NIOR LECTURER IN CHEMISTRY RE Organic hem » work primarily on adhesives 
at the Cambridgeshire Technical ce crials Good laboratory facilities UNIVE RSITY OF NOT rINGHAM 
to take work up to honours ve post is permanent and progres- DEPARTMENT OF ZOOLOGY 
{ Chemistry standard and | sive and carries superannuatk provision under Applications are invited for the post of Research 
7 f the Federated Superannuation System for Univer- | Assistant in the above Department Experience 
sities. Salary will depend on age, qualifications | or an interest in comparative endocrinology or 
and experience but will be in the range of £720 | histochemistry wil! be an advantage. Salary scale 
to £1,090 for a Scientific Officer, and £1,100 to | £550 by £25 to £600. Consideration will be given 
ry scak by £1.600 for a Senior Scientific Officer Applica- | to applications from candidates who are graduating 
forms and further particulz tions, giving details of age, qualifications and ex this year 
Principal! Cambridgeshire Technical | perience, should be sent to the Director. The Conditions of appointment and form of applica- 
College and Schoo! of Art, Collier Road, Cam British Ceram Research Association, Queens | tion, to be returned by Saturday, March 18, 1961, 
bridge, to be returned as soon as possible Road, Penkhul!, Stoke-on-Trent from the Registrar 
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February 25, 1961 


WELSH PLANT BREEDING 
STATION 


Applications are invited from suitably qualified 
persons for appointment to the vacancy for a 
Plant Pathologist The qualification required is a 
first- or second-class honours degree in botany or 
agricultural botany, with training in mycology or 
plant pathology Salary on the scale for Scientific 
Officers (£717 to £1,222) Starting point will 
be determined according age and qualifica- 

of the successful applicant 
eations will be considered from persons 
to graduate this year, and should be 
with the names of two referees 
Welsh Plant Breeding Station 
near Aberystwyth, before March 
1961 


LOUGHBOROUGH COLLEGE Ol 


TECHNOLOGY 
LEICESTERSHIRE 
Applications are invited for the post of Director 
of Digital Computer Operation This new ap 
pointment arises from the ins ition of a medium 
d digital ymputer for teaching and research 
with the aim of 
mputer on the 
The Director 
Principal, and 


extending ce of the 
teaching of scicnce and technology 
will be directly responsible to the 
assistant staff will be appointed shortly Wide 
knowledge and extensive cxperience of the use of 
a mathematical tool in the 
ms is required Salary wi 
the scale for Principal Lec- 
400 Per ann 
cation and 
from the 
quote rel 


soluuon 


particulars 
gistrar 
(In reply please 
UNIVERSITY 
DEPARTMENT 


invited 


OXFORD 
FORESTRY 
Lecturer in Forest 
Demonstrator 
owances) to 


OF 


oO} 


desirable 
estry Duties 


problems or 
in connect 
ice October I, 
Applications should reach Pr 
Imperial Forestry Institute, South 
Oxford. by April 15, 1961, from 
particulars obtainable 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

Experimental Officer required in Nutrition De- 
partment for biochemical research on problems of 
Protein and amino acid metabolism Candidates 
should be graduates, or hold A.R.1.C., H.N.C., or 
an equivalent qualification and should have had 
experience in the use of the techniques of paper 
and column chromatography Salary scale, mini- 
mum age 27, £1,057 to £1,336; pension scheme 

Apply. naming two eferees, to Secretary, 
N.I.R.D., Shinfield, Reading. Quote ref. 61/6 


UNIVERSITY OF LEEDS 
DEPARTMENT OF ELECTRICAL 
ENGINEERING 

Applications are invited for appointment to 
Lectureships in the Department of Electrical En- 
gineering The requirements fall into two cate- 
gorics: (1) Honours degree in physics, together 
with experience in the electrical engineering indus- 
try. (2) Honours degree in electrical engineering 
together with industrial or other experience in one 
of the following fields: electric power enginecring 
electrical machines, or electrical measurements 
Salary on the scale £1,050 by £50 to £1,400 by £75 
to £1,850 (efficiency bar at £1,550), wding to 

qualifications expericnce 

Applications (thre pies). together 

three should reach th 
*rsitvy, Leeds, 2 (from whom further par- 

ulars may be obtained) not later than March 22, 

1961 


com- 


fessor of Forestry, 
Parks Road, 
whom further 


acc 
and 
with the 


Registrar 


UNIVERSITY OF OXFORD 
BALLIOL COLLEGE 
JUNIOR RESEARCH FELLOWSHIP 
ne ¢ 4 poses to elect a Junior Research 
from September 29, 1961 

received not 


later 
wship will be 
at a stipend of £750 per 
rooms and FSSU 
ained from the 
Oxford 


tenable for three 
annum, with 

Details 
Secretary, Ball 


free 


College 


SOUTH-WEST ESSEX TECHNICAL 
COLLEGE AND SCHOOL OF 
FOREST ROAD, WALTHAMSTOW, E.17 
Senior Lecturer in 
aS soon as possible The 
responsible the teaching of Bio 
Paper Chromatograr 


related 
Paper Electroph 


Applied Biochemistry required 
Person appointed will 
for 1ochemistry and 
subjects 
High Voltage 


resis 


as in the 

Experience of nucleic 

enzyt chem y. Or radioactuve 
nstru- 
Candi- 


Considerable 
and fundamental i 
550 to £1 
yn allowance 
ms) to the erk 
giving 


mree re 


rerees 


ART 


PHARMACOLOGIST 
required to work in London for the first 
two years in an academic department and 
thereafter in a mewly created Research 

aboratory in Londo Non-contributory 
Pension and Life Assurance Scheme and ex- 
cellent salary scope for promoton. 


Write, giving full details of qualifi- 
cat experience and required to 
the Managing Director, Biorex Laboratories 
Limited, 47/51 Exmouth Market, London 


age 


ns, salary 


UNIVERSITY OF MANCHESTER 
LEVERHULME RESEARCH FELLOWSHIPS 
IN RADIO-ASTRONOMY 
ations are d from suitably 
for tw erhulme Research 
riod of three years 


qualified 
Fellow 


App! 


graduates 


niversity’s Nuffielc 

Laboratories at Jodre!! Bank 
Fellowship will be not less than £1,050 per a 
with the F.S.S.1 

Application forms may be obtained from the 
Registrar, the University, Manchester 13, to whom 
all applications should be sent later than 
March 1961 


THORNBER BROTHERS LIMITED 
The Company. one of the largest producers of 
day old chicks in this country, wishes further to 
increase its technical staff by appointing a gradi 
mist, mathematician or statistician 
with a diploma in automat ympu 
automatic data processing techniqu 
research or industrial expenence 
but would an advantage 
involving all department 
r The person appoint 
with the 


membership of 


not 


econ 


app'y 


Research 
Mytholmroyd 


D. Nash, 
Ltd., 


Applications 
Thornber Bros 
Yorks 


MIDLAND TAR DISTILLERS 
LIMITED 
ANALYST 


m chemists or physi- 
analysis for 


nvited fr 
al methods of 


in chemistry « 

vy some appropriate industr 
uired Salary will be dependent 
fications. Modern, well equipped 
pleasant countryside Transport 
and from Wolverhampton and 


n age and qua 
laboratories in 
available to 


an k 
Apply Chief Research Chemist 


| Room 


| annum; 


ito the 


| Department of 


eclxv 


UNIVERSITY OF DURHAM 
KING'S COLLEGE 
NEWCASTLE UPON TYNE 
Research worker required to assist with research 
in Glaciology (with Meteorology) initially for three 
but with a possib of extension Start 
lary £500 per annum 
cations including names of two referees, 
submitted to the Protessor of Geo- 
ne’s College, Newcastle upon Tyne, 1, 
March 10, 1961 


UNIVERSITY OF 
FACULTY OF 


cars 


BIRMINGHAM 
MEDICINE 
he post of 
cale £800 by 


Assist- 
£50 


and Pharmacol! 

nts should have an 
isotopes 

f three referees 

Registrar, Medica 

whom further par 


in- 
tive 

names 
Assistant 
1S. from 


MACAULAY INSTITUTE 


SOIL RESEARCH 

Applicat are invited 

possessing a first- or second-class honours deerce 

with physical or inorganic chemistry as the princi- 

for the post of Scientific Officer in the 

nt of Pedology The work wil 
ions upon soil format ! 

mica! bias The 
) to £1,17S according to age, 
experience Superannuation 


FOR 


from male graduates 


ns 
involve 


cations 
P.S.S.U 

Forms of application may be obtained from th 
Secretary. the Ma Institute for Soil Re 
search, Craigiebuckler, Aberdeen whom they 
should be returned before March 1961 


aulay 


OLDCHURCH HOSPITAL 
ROMFORD, ESSEX 
(709 Beds) 
RADIOTHERAPY DEPARTMENT 
Senior Technician or Technician required for the 
above Department Duties include Physics Work 
shop, Isotope Laborat and Mould 
work Instrumer Workshop 
xperience essentia 
sen grade 
Nv qualified 
17/39 
together with 
of testimonials 


wd H.M.C.,° Old- 


of two rete a or ¢ 
Group Secretary 
hurch Road. Romford 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF CHEMISTRY 
TEACHING ASSISTANTSHIPS 

$2.200 to $2,700 for eight months are open to 
qualified students procesding to advanced degrees 
Nine hours per week of laboratory instruction 
required Active research programmes in analyti- 
cal, inorganic organic, physical and theoretical 
chemistry Travel allowance 

Apply to: Professor Harry E. Gunning 
Chemistry. University of 
Canada 


names 


Head, 
Alberta, 
Edmonton, Alberta 
UNIVERSITY COLLEGE OF 

WALES 
ABERYSTWYTH 
DEPARTMENT OF PHYSICS 
are invited for the post of Lecturer 
Electr in the Depart 


nics 


nd forms of appl 
mstrar, to 
t later than 


ation can 
applica- 
March 18, 


whom 


1961 


GRADUATE DEMONSTRATOR (MALE) IN 
Metallurey required by Royal Military College of 
Scien venham, Berk 


ily for three 

rs for s 
from 
hnical and Scientific Register 
London, S.W.1, quoting 


ngie 

Ministry 

(K) 2 
reference 


rms 


ar 
Be 
stud 
nician courses a — 
mentation, is an Apr t S af vit | 
dates should pos amt Lecturer (Non-medical) 
| have teaching exy yf | to £950) or Lecturer (Non-n 0 
| research ties | DY £50 to £1,400 by £°5 t art 
| ment of Medical Bio a 
| encouraged. 0 | It is desired that ay 
| per annum, p j terest in the use of 
bo | Apply by k to Applications, wit 3 | 
the Governors ins, | Should be sent to th 
training and experience, together with | School, Birmingham 
testimonials or the names and addresses of three | Uculars can be obt 
| 

| 
| 

| 
| 

| 

| a 

Pathology on scale of Un | 
(£1,010 to £2,025 ; F.S.S.U. ; f 
teach in Honour School of Forestry, supervise 
postgraduate research and conduct original re- | 
search Sp t patho- | 4 i 

- 

ak 

Halifax 
AR 
tions should be sent 

tO work in the analytical secti ft Research and ? 
evelopment Department of the ar 
D Der f the Mid 

ee Distillers Limited at their works at Four Ashes. | : ey 
near Wo rhampton The post will be primarily | sity To t nts 
}concerned witt th application of gas-liquid laboratory work and research Extensive well- 
— hromatovraphy to problems of analysis arising | equipp leboratorics Personal research towards 
Sa if 1 th prozramme f research on derivatives of | higher degre encouraged Qualifications first ae 
coal tar chemicals but candidates wil! be expected | or se ad-class degree or equivalent Salary £754 
to extend their interest t tr t is to £91 ( allows credit for 
A minimum a and National 
Fel physics and Ser SSI Ap- 
and xp but may be 

yeat 6 King 

Colles! | {1A 

iB 


eclxvi 


PRODUCT DEVELOPMENT 
A LIGHT ENGINEERING COMPANY, having 


a close interest in usage of plastics as well as 
metals, requires a young man to join a smal! team 
on development of its products The successfu 
candidate will be expected to work closely with 
others concerned with production techniques, in- 
Justrial design and usage of plastics 

We are situated on the fringe of the industrial 
West Riding The company is a smal! but pro- 
Rressive and forms part of well-known 
group Ultimate prospects are not, therefore 
imited to our own organization as mobility with 


1 the group is en 
Applicants should be fied as mechanical en- 
rs r physicists perhaps exceptionally as 
with an cnginecring bias 
Th mmencing salary will be in the region of 
1.250 per num A generous pension scheme 
in operation 
Please write, giving full details, to Box No. 953 
Tr. G. Scott and Son, Ltd., 1 Clement's Inn 
Wie 
MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
ST. JOHN'S, NEWFOUNDLAND, CANADA 
Ar ions are nvited for the position Assist 
P r B vy with specialization 
rysiology en my and hist ey 
Ca lates with backer id and exper 
y will preference Ph.D. or 
lent sentia Dut beginning Septemt 
" t ide teaching and research The start 
a salar will be based on qualifications and ex 
per 
Apr ations, a ympanied by complete curricu 
vitae and the names of three references 
shx ! be addressed to the Head, Department of 
Riology, Memorial University of Newfoundland 
COMMONWEALTH BUREAI OF PAS 
tures and Field Crops urley, Berkshire, requires 
Scientific Assistant (abstractor) with deerce in agri- 
sltur natural science, and a knowledac 
languages. Salary in scale £717 to £1,822 Age 
qua ations and experience considered when 
fixing starting salary Superannuation For 
further details and application form apply t 
Director 
PHYSICS GRADUATE REQUIRED AS 
Library Research Assistant for Encyclopaedia 


Britannica. Work: to answer from library sources 
juestions on physics and technical subjects re- 

{1 from subscribers Applications (in hand- 
writing), to Mrs. Field, Encyclopaedia Britannica 
Limited, 67 Great Russell Street, London, W.C.1 


should be 


8 y. Memorial University of Newfoundiand for the Duncan Flockhart Research Laboratories 
which are ed programme of 
researc v ¢ of the chemical 
BACTERIOLOGICAL — ASSISTANT wieder remical | 
mane 23 t0 30, required to take s desirable 2 i ite would be preferred 
| Apply, stating age, qualificat and 
Departme London 1 
ri any previous experience, to Dunc Flockhart and 
om Co. Ltd., Wheatfield Road, Edinburgh 11, mark- 
| ing letter brary 
write, giving full particulars of ane I — 
experience, to General Man- | ADHESIVES--IMPORTANT OPENING IN 
spital Ligature Laboratories LS. for hizhly qualified chemist with broad back- 
Harold Hill, near Romford. | Box No. 951, T. G. Scott and Son, Ltd., 
ment’s Inn, London, W.C.2 
GUY'S HOSPITAL MEDICAL | UNIVERSITY OF EDINBURGH 
. POSTGRADUATE COURSE IN BIOPHYSICS 
S¢ HOO! Applications are invited from honours graduates 
LONDON, S.E.1 in science and graduates in medicine 
above one-year course which starts on Octo 
MSC. IN RADIATION BIOLOGY AND 0 
RADIATION PHYSICS } to a Diploma in Biophys Lectures and practi- 
This degree is awarded by the University of | C8! classes, will be given on _- sees 
Lond ifter a two-year course of full-time study Physical chemistry select topics 
A second se of instruction will begin at Guy's | 294 plant physioloxy and biochemistry 
| Hospital Medical School on October 2, 1961. The | rad ~ no physic and rad “4 tne sos 
irse is Open to graduates of any university who |S iMended to give as — Gosmon 
have been awarded first- or $ nd-class honours | M&cessary backe d knowledge required for sub- 
1 science and to medical graduates. During the | S¢quent research in biophysics. radiation Dhysics or 
first year. graduates in medicine or in biological | T@d@iobtolory leading to a Ph.D The 
sciences w be taught the necessary basic radia- has accepted this bs table for the tenure 
tion physics. while those in the physical sciences | Of its Advanced Co ntships 
will learn the basic biology The second-year | Applications for nformation 
yurse in radiation biology will be common to all | registration should be made to Dr. J. Dainty 
tudents The fee is £90 for each vear Science | Physics Department University of 
raduates with first- or second-class honours may | West Mains Road, Edinbureh. 9 ’ 
be for D.S.1.R. grants irly application CHARLES H. STEWART, 
hould be made Secretary to the University 
Further details, together with forms of appli UNIVERSITY OF LONDON: A COURSE OF 
cation, can be obtained from the Secretary, Physics | two lectures entitied Electron Transport Mechan 
Department, Guy's Hospital Medical School It | isms in Plant Cells will be delivered 
is intended that students who wish to proceed | fessor H. Lundegirdh (Penningby 
ultimately to a Ph.D. degree by Thesis should be | § 30 p.m. on March and & at King’s College, 
able to start some suitable research project while | Strand, W.C.2 Admission free. without ticket 
working for the M.Sc ' James Henderson, Academ yistrar 
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ind experien 
ference. Ph 


Applicat 


ms are 
or of 

nvertebrate zoology 
ce in marine bio 
D. or equivalent essential 


z September, to include 


NATURE 


Bio 


ns, acct 
rriculum vitae and the names of three references 
addressed to the 


1961, 


ay with 


ympanied 


UNIVERSITY OF 
NEWFOUNDLAND 


ST. JOHN'S, NEWFOUNDLAND, CANADA 
invited for the 


Candidates with background | of 
oRy 


Head, 


MEMORIAI 


DEPARTMENT OF 
Applications are invited for a 
graduate Fellowships 


position Assist- 
Specialization in 


will receive pre- 
Duties be- 
teaching and 


be provided Research js in tt 
organic and synthet reanic 
Further particulars may be 


by complete Chairman 


Paymme 
$1,750 to $2,000 per year Travel 
fi 


February 25, 1961 


UNIVERSITY OF 
NEWFOUNDLAND 

ST. JOHN'S, NEWFOUNDLAND, CANADA 

CHEMISTRY 

imited 


nts 


allowance 
ds of physical 
»btained 


Department of LIBRARIAN 


A LIBRARIAN IS REQUIRED 


Address 


NATURE 


Published Weekly 


“NATURE” surveys the whole field of pure and applied science, and is authoritative and topical. 
It is read by scientific workers all over the world. 


A classified list of recent Scientific and Technical Books is included each month. 


3 months (13 issues) 


The charges for direct postal subscriptions, postase paid 


12 months 
6 months (26 issues) 


The Leading International 
Journal of Science 


Two Shillings and Sixpence 


to any part of the world, are 
£8 8 o 


£4 4 0 
oe £2 2 0 


MACMILLAN & CO. LTD., St. Martin’s Street, London, W.C.2 


Please send me “NATURE” for .... months, beginning with the issue for ........eeeseeeeeeees 
for which I enclose remittance value ... 
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CITY OF LEICESTER EDUCATION] MIDDLESEX COUNTY COUNCIL ZOOLOGICAL SOCIETY OF 
COMMITTEE Education Committee LONDON 
LEICESTER COLLEGE OF TECHNOLOGY BRUNEL COLLEGE OF TECHNOLOGY The sixth whole-day Symposium of the 
AND COMMERCE Woodlands Avenue, Acton, W.3 logical Society of London will be held 
SCHOOL OF CHEMISTRY (Tel. ACOrn 6661) Society’s Meeting Room at Regent's Park 
Head: L. P. Priestley, B.Sc... F.R.C Principal: J. Topping, M.Sc., Ph.D., D.LC., don, N.W.1, on Wednesday, March 8 
POSTGRADUATE DIPLOMA IN F.Inst.P. commencing at 10.30 a.m The Symposium 
RADIOCHEMISTRY Head of Mathematics Department: J. Crank, entitled “ Aspects of Disease Transmission by 
In charge of course: R. W. C. Broadbank, B.Sc, M.Sc., D.Sc., F.inst.P. Ticks’ has been organized in consultation with 
: Ph.D., F.R.1.C DIPLOMA IN TECHNOLOGY Dr. D. R Arthur, and the speakers include 
THIS COURSE HAS BEEN ACCEPTED BY in Professor P. C. C. Garnham, Professor D. S. 
THE DEPARTMENT OF SCIENTIFIC AND MATHEMATICS Bertram, Dr. H. E. Shortt. Dr. C. E. Gordon 
INDUSTRIAL RESEARCH AS SUITABLE FOR a four-year sandwich course Smith and Dr. M. G. R. Varma, of the London 
THE TENURE OF ITS ADVANCED COURSE Students will have ix months College training | School of Hygiene and Tropical Medicine. Pro- 
STUDENTSHIPS followed by six months in 1dustry in each year fessor W t Kershaw (Liverpool University) 
Full-time postgraduate courses in Radiochem- Modern Applied Mathematics, Practical Compu- | Dr. A. Foggie (Moredun Institute). Dr. W. S_ 
istry will be held commencing April, 1961, extend- | tation and Statistics, are supported by relevant sec- | G wdon (Agricultural Research Council), Dr. J 
ing to June, 1962; and October, 1961, extend tions of Pure Mathematics, Physics and Elec MacLeod (Ministry of Agriculture, Fisheries & 
ing to December, 1962. These courses will initially | tronics The course is open to employees of firms | Food), Miss Sutton (King's College) and Dr 
Provide a general basic training in radioisotope willing to support them and also school leavers G. A. Walton (University College, Cork) The 
laboratory techniques, which will be followed by | State Scholarships and Local Education Awards Chair will be taken in the morning by Professor 
a more advanced training, with special emphasis | may be held by students attending this course Garnham, in the afternoon by Professor Ker- 
on radiochemistry as a tool for research The Those wishing to join the course in September, | shaw and in the evening by Dr Arthur. Luncheon 
Postgraduate Diploma (in Radiochemistry) of the | 1961, should make early application to the Head (price 7s. 6d., excluding coffee) and dinner (price 
College will be awarded to those students complet- | of the Mathematics Department from whom details 17s. 6d excluding wines) will be provided in 
ing the course, who reach the required standard | may be obtained the Fellows’ Restaurant. 
in a written examination, and who submit a satis C. E. GURR, M.Sc., Ph.D., The Symposium is open to all scientific workers 
factory dissertation and thesis on a topic allocated Chief Education Officer ind those who wish to attend should notify the 
for study and research during the course. Quali- — - - Secretary, The Zoological Socicty of London 
fications for admission are a degree in chemistry UNIVERSITY COLLEGE LONDON (GOWER Regent’s Park. London, NW} 
or physics, or G.R.L.C. or B.Pharm.(Hons.) Street, W.C.1). Professor K. Kramer (Gottingen) 
ferably with chemistry to Part I Nur “ give a Public Lecture entitied Rena! Blood 
places available is limited so that individual ; Flow in relation to the Counter Current System " UNIVERSITY OF LONDON: A COURSE OF 
tion can be given to cach student Early applica- | on Wednesday, March 8 at $5.30 p.m Admission | three lectures entitled (1) ** A Generalized Model 
tion is therefore desirable free, without ticket vf Behaviour, with Special Reference to Language 
Further particulars may be yhtained from the UNIVERSITY OF LONDON. A COURSE OF unctions Psycholinguistic Relativity 
Head of the School of Chemistry Leicester ectures entitled (i) “Some Aspects of the versus Universality "’; (3) Cognitive Interaction 
College of Technology and Commerce cicester the = The Folded | Human Affairs will be delivered by Professor 
Jura Mountains” will be delivered | C: E- Osgood (llinois) at 6 p.m. on March 7, 8 
, 7 : and 9 at University College (Anatomy Lecture 
and Bedford College, Regent's | [heatre), Gower Street, W.C.1 Admission free 


BRADFORD INSTITUTE OF y Professor E. Weamann (Neuchatel) at 5.30 p.m. 
TECHNOLOGY without tick t without ticket.—James Henderson Academic 


TECHNOLOGY | James Henderson. Academic Resistra 
A special short cot dvances in NIVERSILY OF LONDON: A COURSE OI 
di 2, 1 rec ires entitled “* Some Recent Res TRADE ANNOUNCEMENTS 


Photochemistry,” ect t 


Theory and Applications 
B c Ikinso cesses “* w be delivered by Professor ar UNWANTED MICROSCOPE TURN IT 
Ph.D., H ‘ooper < | (Stockholm) at 5.4§ 7 yt urch 6, 10 ar nto cash. We buy at top prices microscopes up to 
of app at University Collerc SO years d. also barographs Send or bring to 
Bradforc nstitut of Technology, | G r Street. WC mission thou the specialists ace Heaton Ltd., 127 New 
| ticket.—James Hendersi Bond Street, London, W.1 


Bradford, 7. 


Although not primarily designed as super-sensitive units the 
TRITON GP ovens will nevertheless give reasonably 
accurate performances over a wide temperature range. Tests 
have shown that an accuracy of better than +3° C. can be 
obtained at 200° C. These ovens, economical in price, 
should therefore have many uses in tests where absolute 
minimum temperature fluctuation is not imperative. 
Specification : 

@ ALL WELDED MILD STEEL EXTERIOR—STOVE ENAMELLED 

@ STAINLESS STEEL INTERIOR WITH TWO NICKEL PLATED GRID TYPE SHELVES 
@ WIDELY DISPERSED, LOW SURFACE TEMPERATURE HEATERS 

@ EFFICIENT INSULATION 

@ AMPLE AIR CIRCULATION BY INLET AND OUTLET VENTS 

@ TEMPERATURE CONTROL BY ROBUST BI-METAL THERMOSTAT 


@ CONTROL PANEL WITH THERMOSTAT CONTROL KNOB, SWITCH AND 
NEON INDICATOR 


GP1 int. size 14 in. x 12 in. x 12 in. £37 carr. paid U.K. 
GP? int. size 18 in. x 18 in. « 15 in. £51/1O0/0O carr. paid UK. 


Write for full details of these and other high quality Laboratory Equipment to 


he E. W. PROCTER LTD. 


TEMPERATURE RANGE 
50°—250° C. TRITON WORKS, LEEDS ROAD, HUDDERSFIELD Tel. Hudds 2361 
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BRIGHT'S REMOTE COLD CONTROLLED 
Microtome (cryostat) custom built for producing 
frozen sections for rapid diagnostic biopsies.— 
Full information on request to Bright's Refrigera- 
tor Service Ltd., 399 Portobello Road, London 
W.10 LADbroke 4153. 


FOR SALE AND WANTED 


ALMOST ANY BACKNUMBERS AND 
ff Nature wanted Also learned and 
transactions f most kinds 
Notes and Queries, the Annual Register 
Review, Paimer's and/or the Official 
Index to the Times, British National Bibliography 
h Catalogue of Books, Journal Roval Philo- 
cal Society, Royal Statistical Society, etc 
138 New Cavendish Street, London 
MUSeum 5250 
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Quarterly 


rdes 


GRANTS & SCHOLARSHIPS 


THE SYSTEMATICS ASSOCIATION 
RESEARCH GRANT 


grant of £50 (fifty po 


nds) is available to 
taxonomic research in Botany, Zoology 

Direct applications are invited 

students of Universities in the 

The grant is intended as an aid 
undergraduates who have already 
are «without sufficient 
may be used for 
allowance in con 
cil favour a wide 
can be made of 
towards taxo- 


graduates or 
ded on a project but 
>» carry it out It 

ng and/or subsistence 
with other grants. Cx 
tation of the use which 

nt as long as it is directed 
research 
referees 

A. W 
British 


with the names of 
by May 31 
Systematics 


History), 


two 
1941, to Mr 

Association 
S.W.7 


be sent 
Chairman 
m (Natura 


Exel! 
Muse 


yndon 


BEDFORD COLLEGE 
(CUNTVERSITY OF LONDON) 
Regent's Park, N.W.1 
DEPARTMENT OF CHEMISTRY 

POSTGRADUATE RESEARCH 

that there will be one or two 

rch students next session 

1s, including those from 

June 1961, should be 

Department, Professor 

Pr. B 


NATURE 


UNIVERSITY OF CAMBRIDGE 

SHELL STUDENTSHIP IN GEOPHYSICS 
The Royal Dutch Shel! Group of Oi! Companies 
nvite applications for a Studentship in Geophysics 
This Studentship is valued at £600 a year for men 
nationality who are under the age of 27 on 
r 1. 1961, and who hold, or expect to hold, 
degree The Studentship will be for 
two years from October 1, 1961, and 
Satistactory proeress, may be renewed 
An elected student will be re- 
course of training in research 
miversity of Cambridge and 
rf must become, registered as a Re- 

Student at that University 

ations for the Studentship should be sent 
cretary of the Department of Geophysics 
Madingicy Rise, Madingley Road, Cambridge. « 
reach her not later than June 1, 1961 
hieation must be accompanied by a state 
emt of the candidate's career (including his date 
birth) and by the names of at least two 


any 


erees 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
CHEMISTRY DEPARTMENT 


mber of bursari 


“nt and the 


k 
names v erees » Protes- 
ry Department 


STUDENTSHIPS IN PHYSICS 
Applications are invited from 
physics hemistry or in a 
t, for Studentships available in 
leading to the deerees of Ph.D 
physics (University of London) 
Studentships (tenable in the De 
provide facilities for 

physical and bic 

peaceful uses of 
Studentships normally extend 
carry an allowance of £400 


RESEARCH 


es mn 


two. referees 
Institute of 
S.W.°7. not 
305/B 


ations naming 

received by the Secretary 

cer Research, 33 Sumner Place 
than April 30, 1961, quoting ref 


Stude 


DUBLIN INSTITUTE FOR 
ADVANCED STUDIES 


School of 
Theoretical Physics 


The Governing 
Theoretical Physics applications for 
research Scholarships tenable in the School 
during the academic year 1961-62. A limited 
number of stipends £450 to 
£750 per annum according to qualifications 
and circumstances 


Board of 
invites 


the School of 


s available at 


irther Particulars and Forms of Ap 
plication, candidates should apply immedi- 
ately to The Registrar, Dublin Institute for 
Advanced Studies, 64 Merrion Square, Dub- 
lia. Completed applications should reach 
the Registrar on or April 30, 1961 


For f 


before 


ANDREWS 
two Research 
Laboratories of 
Laboratory. St 

* suitably qualified 
Pharmacology for 
Physiology of 
Studentship is of the value 


UNIVERSITY 
Applications 
ntships in the 
Pharmacology, the Gatty 
Andrews. Candidate 
n Zoology, Biochemistry or 
work on thyroid metabolism and 
ywer vertebrates. The 
{ £400 to £500 per 
Appl ms, with of three 
lodged, not han March 18, 
Joint Clerk to University 
e Gate, St. Andrews 


OF ST. 


s sho 


referees, 
1961 
Court, 


RESEARCH GRANT 
9 Physical Chemist required to under- 
years’ research at a University to work 
dearee Work will be of fundamental 
sociated with high tem- 
n of pyrites and tungsten carbide 
versity and with freedom 
undertaken on behalf of 
arch = Establishment of 
1 maintain close in- 
its. Successful appli 
ployed directly by the University 
assistant Grants will be appropriate 
ms and experience Qualifications 
urs degree, with a recommendation from 
of own University Department of suitability 

continued research in broad field described 
ms from Ministry of Labour, Technical and 
Scientific Register (K). 26 King Street, London, 
S.W 1. quoting ref A 


Physicist 
three 


to publish 
for 


February 25, 1961 


EAST MALLING RESEARCH 


STATION 
V. H. BLACKMAN RESEARCH 
STUDENTSHIP, 1961 
The East Malling Research Station Association 
offers one postgraduate Studentship of £500 per 
annum (tax free), for training in research upon 
some fundamental probiem arising out of the 
orchard culture of fruit trees, or their growth, 
flowering, or fruiting 
The object of the Studentship is to provide an 
opportunity for training at a centre where excel- 
lent facilities exist for the study of perennial plants 
and of the experimental procedures appropriate to 
research on them ; it is hoped that first-class men 
will be attracted 
Candidates (men) must be of British nationality 
and hold a good degree of a university of the 
United Kingdom in an appropriate subject; their 
nominators must provide specific recommendations 
a8 to their suitability for training for a research 
career 
Studentships for training in research in the fields 
xf entomology, plant pathology, and pomology 
already have been awarde preference will be 
given to candidates in other fields: it is hoped 
that it will be possible to make the award for 1961 
n plant physiology (studies of growth and form) 
or in tree nutrition, or in pomology Candidates 
in other disciplines wil however, receive con- 
sideration 
No undertaking concerning the candidate's sub- 
sequent career is cither given or required The 
Studentship will normally be tenable for three 
years and it is hoped that full advantage will be 
taken of the available opportunities for proceed 
ng to a higher degree In suitable cases the 
Studentship will be for four years. to enable the 
selected student to undertake a postgraduate year 
versity, prior to ymmencing his three 
od of research at East 


Malling 
ntended that the supervision of the student 
9 member of the Station's staff (a Reco 
Teacher in the case of students registered for 
& Postgraduate degree versity of London) 
shal), wherever 


possit ed out in full 
collaboration with a senior m 


mber of the aca- 
jemic staff of his university Prior to the termina- 
tion of the Studentship. the postgraduate will be 
required to provide a full and satisfactory account 
of his research in the form of a thesis 
At East Malling the r yng-term experi 
ments upon the growth nd ypping of mature 
fruit trees arc companied b nume sma 
scale and shor experiments on younger trees 
There are ht research sections (Pomology. 
Statistics, Plant Physiology. Biochemistry, Fruit 
Nutrition, Pl Entomology 


rous 


and Plant 
istry) equipped to 
training techniques 

ntended that the cessful applicant shall not 
only be enabled to obtain a thorough working 
knowledge of field experimentation and of the rele- 
vant Statistical procedures during his tenure, but 
shall also have the opportunity of developing his 
scientific experience on as wide a basis as is 
feasible 

Application forms 
retary. East Maliine 
Malling, Maidstone, Kent, to 
be returned not later than Apr 


NATO 
for participation in 
CANADIAN HEORE ICAL. “PHY sics 
SEMINAR 
Two grants of value $750 (£268) each are being 
‘fered by the North Atlantic Treaty Organization 
on a competitive basis to students of theoretica 
physics from NATO countries to attend the 
Second Quadrennial Theoretical Physics Seminar 
of the Canadian Association of Physicists to he 
held August 13 to September 9 at the University 
of Montreal The seminar features lecture series 
by outstanding theoretical physicists as well as 
informal discussion on physics 
For further information and 
write Dr. D. D. Betts, Department 
University of Alberta. Edmonton, Canada 
line for applications is Apri! 15 


are obtainable from the Sec- 

Research Station, East 

whom they should 
15, 1961 


application forms 
of Physics 
Dead- 


No Quantity too small 


4, CHESHAM PLACE, LONDON 
Alse at: 


BRASS e COPPER e DURAL 


e ALUMINIUM e BRONZE e 
ROD, BAR, SHEET, TUBE, STRIP, WIRE 
3,000 STANDARD STOCK SIZES 
@ List on application 

H. ROLLET & CO., LTD. 
S.W.1. SLOane 3463 
LIVERPOOL, LEEDS, MANCHESTER, BIRMINGHAM 


Be precise .. - 


BAKER 


specify 


instruments 
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United } 
o 
de 

tt 
n 

Chemistry w he available in October, 1961. of 
t juivaicmnt value to DSLR Research 
; St tsh ps Fundamental studies wil! afford 
material for submission for a higher de 
gree 
grour 
= 
Imperial 

and Biophy oe 
h nours 

St 

October, 1961 ua 
The aim of the why 
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basic training a 

logical science a 
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FLUKA L-AMINO 
ACIDS 


L-a-Alanine puriss. CHR 


8-Alanine puriss. CHR 

L-Arginine puriss. CHR 

L-Arginine monohydrochloride puriss. CHR 
L-Asparagine anhydrous puriss. 

L—Aspartic acid puriss. CHR 

L-—Cysteine puriss. CHR 

L-Cysteine hydrochloride Monohydrate puriss. CHR 
L-Cystine puriss. CHR 


RRR KRRRRR 


L-Glutamine puriss. 

Glycine puriss. CHR 

L—Histidine monohydrochloride puriss. CHR 
L-Hydroxyproline puriss. CHR 
L-Isoleucine allofree recryst. puriss. CHR 
L—Leucine puriss. CHR 

L-Lysine monohydrochloride puriss. CHR 
L-Methionine puriss. CHR 

L-Ornithine monohydrochloride puriss. 
L-Phenylalanine puriss. CHR 

L-Proline puriss. CHR 

L-Serine puriss. CHR 

L-Threonine allofree puriss. CHR 
L-Tryptophane puriss. CHR 

L-Tyrosine puriss. CHR 

L-Valine puriss. CHR 


v 


The above products and further 233 items are contained in our free price list 
Amino Acids and Derivatives 

and some reagents for the Peptide Synthesis 

Every batch is tested by a High Precision Polarimeter 0-005". 


FLUKA AG, CHEMISCHE FABRIK, BUCHS SG (SWITZERLAND) TELEX 57198 


| 
2 
ris 
| 
chromatographically homogeneous'and optically tested 
of 
58 - m 4546 
74/- 578 6 
rad 
58 - 454.6 
58 /- 45416 
746 620/- 
38/- 297/6 
26/6 223/- 
165/- 1,239/6 i 
41/6 10K -372/- 
| 41/6 289/- 
66/- 496 /- 
107/6 950/6 
41/6 330/6 a 
20/- 157 /- 
115/6 950/6 ae 
198/6 1,405/~ 
272/6 2,149 /- 4 
289/- 2,231 /6 
355/6 2,644/6 
330/6 2,479 /6 
is 
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With over 40 years’ experience in design and construction, we have now 
completely restyled our general purpose furnaces and added several new types 
to the range. Operating temperatures have been increased and new models 
introduced for use up to 1500°C. Larger sizes are now available and furnaces 
have, in general, greater useful working spaces due to improved design. 
High performance, coupled with very robust construction and reliability, make 
the furnaces equally suitable for laboratory and 


industrial applications. We also supply special 
purpose furnaces for coal and coke testing, 
differential thermal analysis of minerals, and 


sulphur and halogen determinations by the 
Carius method. 


@ SELF-CONTAINED FURNACES 
with all controls and accessories necessary for 
efficient operation built into non-corroding 

asbestolite cases. 


AUTOMATIC CONTROL 

On many furnaces and available as an alternative 

to manual control on all others. Safety devices 

— furnace when left unattended 24 hours a 
y. 


@ AUTOMATIC TRANSFORMERS 
fitted to all high temperature furnaces. 


Gallenhamb ‘sures HOTSPOT’ 


Our smallest standard muffle furnace, illustrated 
on the left, is a new version of the very popular 
‘Hotspot’. The size of muffle is increased to 4 x 5 x 6 in. 
and the working temperature raised to 1,100°C. This 
furnace is used widely in technica! colleges, school 
laboratories and dental workshops. 


1SK FOR PUBLICATION 620 


Gallenkamp -Jower Ss SUPPLY THE WORLD’S LABORATORIES 


A. GALLENKAMP & CO. LTD. J. W. TOWERS & CO. LTD. 


Technico House, Sun Street, London, E.C.2 Victoria House, Widnes, Lancs. Te/.: Widnes 2040 
MANCHESTER: 44 Chapel St., Salford 3. Deansgate 4992 
Telephone : BlIShopsgate 3211 STOCKTON-ON-TEES: 28 Bridge Rd., Stockton 65141 


Printed in Great Britain by FisHer, Kniout & Co., Lrp., The Gainsborough Press, St. Albans, and published by Macmittan & Co., Limrrep, 
at St. Martin's Street, London, W.C.2, and St. MARTIN’s Press Inc., 175 Fifth Avenue, New York 10, N.Y., U.S.A.—-Saturday, February 25, 1961. 
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